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324 JOHN MURRAY EXPEDITION

INTRODUCTION

Tue collection consists of 1160 specimens, of which 101 are small forms which it
has not been possible to name. The remaining 1059 fall into 36 genera, of which one is
believed to be new, and 53 species and subspecies, of which 18 are believed to be new.
The majority of the previously known species have been described by one of three authors :
Alcock (1893) and Koehler (1909), both of whom have reported on the collections made
by the R.I.M.S. “ Investigator ’, and Fisher (1919), whose report on ‘ The Starfishes of
Philippine Seas and Adjacent Waters’ is particularly valuable. The arrangement and
classification put forward by Fisher (1911 et seq.) has been followed in the present report.

The colours of a certain number of specimens were matched with those given in
‘Color Standards and Color Nomenclature’ by Ridgway (1912), as soon as possible
after capture. When mentioned in the text, colours refer to this work unless the contrary
1s stated.

Details believed to be of systematic importance are illustrated in the text-figures,
which are by the author. Each has been drawn under a camera lucida, but is presented
somewhat diagrammatically. Spines, which in life stand erect, are usually shown lying in
the same plane as the plate that bears them. For the plates I am greatly indebted to
Mr. J. Henderson of the Zoological Laboratory, Cambridge.

A glossary of terms used in starfish nomenclature is given by Fisher (1906, p. 1118).
The following abbreviations are used in this paper :

Abact. . . abactinal.

SMP. . . supero-marginal plate.

IMP. . . infero-marginal plate.

TP. . . terminal plate.

Act. int. . actinal intermediate (or interradial).
Adamb. . . adambulacral.

Adamb. Act. . actinal surface of adambulacral plate.
Adamb. Fur. . furrow spines.

I would like to take this opportunity of extending my sincerest thanks to Dr. Baini
Prashad, Superintendent and Honorary Director of the Zoological Survey of India, who
very kindly sent to Cambridge for comparison some types and other material from the
collections under his care ; and to Mr. D. Dilwyn John, who has devoted much time and
trouble to the correction and revision of the manuscript.



LIST OF SPECIES COLLECTED BY

ASTEROIDEA

EXPEDITION
Stations Total
at which number
obtained. obtained.
Eremicaster tenebrarius (Fisher) . 171 24
Hyphalaster tara Alcock & Wood-
Mason . . 171 15
H. giganteus sp. n. 171 1
Pectimdiscus anne Ludwig . 104, 106, 41
110
Astropecten polyacanthus Miller &
Troschel 27, 146 . 106
A. griegi Koehler 143, 145 13
A. pusillulus Fisher . 153 2
A. monacanthus Sladen . 80 3
Persephonaster cingulatus (Fisher) 118, 185 2
P. sewelly sp. n. 105, 110, 9
115, 123
P. gracilis (Sladen) 81, 120, 3
171
Dipsacaster farquharsoni sp. n. 157 1
Luadia prionota Fisher A 2
L. avicularia Fisher . 27 1
Pectinaster agassiziz (Ludwig) 185 2
P. agassizie granuliferus subsp. n. 26 3
Benthopecten heteracanthus sp. n. . 26 1
Pseudarchaster mozaicus Alcock &
Wood-Mason 108, 115, 4
122
P. dwersigranulatus sp. n. . 26, 59 3
Paragonaster stenostichus Fisher . 105, 110 2
P. ctenipes breviradiatus subsp. n. 105, 106, 63
153 1
Rosaster cassidatus sp. n. 153, 157 58
Mediaster ornatus Fisher 159 1
M. murrays sp. n. 107, 109, 57

123

Depth
in
metres.

3840-3872

3840-3872
3840-3872
207-384

37-91

494-797
256293
1622
17892000

238-658

2926-3872

229
65-68
37-91
2000
2312
2312

640-786
1948-2312

238-384

183-293

256-293

229-293
914-1463
256-640

325

THE

Locality.

African coast.

Zanzibar,

Gulf of Aden,
Maldives.

»
2
Arabian Sea.
Zanzibar,

Gulf of Aden.
Zanzibar.

Arabian Sea,
Zanzibar,
African coast.
Maldives.
Gulf of Suez.
Gulf of Aden.

2 2

Zanzibar.

Gulf of Aden,
Arabian Sea.
Zanzibar.

Maldives.

2

2

Zanzibar,



326

Nymphaster moebis (Studer)

Eugoniaster ephemeralis sp. n.
Lithosoma ochlerotatus sp. n.
Astroceramus cadessus sp. 1. .
Milteliphaster wood-masons Alcock
Mabahissaster zengy gen. et sp. n.
Stellaster equestris (Retzius)
Stellasteropsis colubrinus sp. n.

S. tuberculiferus sp. n.
Monachaster umbonatus sp. n.
Anthenoides marleyr Mortensen
A. cristatus (Sladen) .

Oreaster hiuleus Miiller & Troschel
Nardoa faouziv sp. n.

Narcissia mohamedi sp. n. .

Ophidiaster purpureus Perrier
Linckra multifora (Lamarck)
Paranepanthia brachiata (Koehler)

Henricia sp.
Henricia sp.
Ductyaster sp.

Acanthaster maumtzenszs de Lorlol
Pteraster obesus H. L. Clark

Retaster sp.

Hymenaster alcocks Koehler
Zoroaster alfredy Alcock

Z. angulatus Alcock
Crnemidaster squameus (Alcock)
Sclerasterias mazophorus (Alcock)
Odimia austine Koehler
Brisinga trachydisca Fisher

B. gunniv Alcock .
Freyellaster spatulifer Flsher

JOHN MURRAY EXPEDITION

Stations Total
at which number

obtained. obtained.

105, 108, . 55
109, 110,
115, 122
143, 145 . 11
184 6
115 1
105 1
157 2
157 2
106 .1
72 . 16
24,27, . 30
45, 53
45 1
A 1
106 .9
194 . 495
53 2
53 1
24, 157 2
157 1
MB1 3
24,43, . 9
45, 70
24 5
105 5
54 1
53 1
157, 177 4
27 1
118 1
81 1
159 2
185 .2
35,194 . 19
152 . 1

108, 115, . 10
124
34 .1
118 .2

Depth
mn
metres.

238-786

494-797
1270

640-658
280
229
229

183-194
73

13 :5-200

38
65—68
183-194
220
13-5
13-5
73-229

229
26-29
38200

73-200
238-293
1046
13-5
229-366

37-91
1789

3351 .

914-1463
2001
220-549
609-915
640-914

1022
1789

Locality.

Zanzibar.

Maldives.
Gulf of Aden.
Zanzibar.

Maldives.
Zanzibar.
Arabian Sea.
Gulf of Aden,
Arabian Sea.

Gulf of Suez.
Zanzibar.
Gulf of Aden.
Arabian Sea.

Gulf of Aden,
Maldives.
Red Sea.

Gulf of Aden,

Arabian Sea.

Gulf of Aden,
Zanzibar.

Arabian Sea.
Maldives,

Gulf of Aden.
Zanzibar.

Arabian Sea.
Maldives.

Gulf of Aden.
Maldives.
Zanzibar.

Gulf of Aden.
Zanzibar.
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SYSTEMATIC ACCOUNT
Order PHANEROZONTA.
Family PORCELLANASTERIDZA.
Sub-family PORCELLANASTERINZ.
Genus Eremacaster Fisher.

The following are the previous records for species of this genus; all are from the
Pacific Ocean:

e oinS. Number  Number )
(Synou}i‘};eic;ebsmcm’w) Reference. j:ugh:.r i Locality. Depth. } Bottom.
N = M i I
tenebrarius (Fisher) Fisher, 1911 51 3 S. Alaska to 3867-  Grey mud ; grey ooze.
‘ Galapagos Is. 4129 m.
| Clark, 1913 1 1 W. coast of 3217 m.
! California
,, 1920 24 5 Eastern tropical 3609- | Various.
; Pacific | 5121 m.
(waltharie Ludwig) Ludwig, 1905 30 8 Gulf of Panama 2418- | Green mud; dark
to Galapagos Is. | 4082 m. green sand ; globi-
‘ gerina ooze.
pacificus (Ludwig) . » 1905 | 21 (O Ditto. 2070- = Green mud; globi-
3436 m. gerina ooze.
Fisher, 1911 6 3 Bering Sea, 1546~ | Grey ooze;  green
Alaska 3187 m. mud ; brown ooze.
Clark, 1913 11 3 W. coast of 1586-
J California 1992 m. |
g 5 1920 2 2 Eastern tropical 3609— | Light grey and brown
i Pacific 4023 m. globigerina  ooze ;
fine grey mud.
crassus (Sladen) .| Sladen, 1889 .. 1 Mid-ocean, 4267 m. Red clay.
South Pacific
gracilis (Sladen) .| » 1889 .. 1 Oft Chili 4067 m. Blue mud.
vicinus Ludwig .. Clark, 1920 46 2 Off Peru 5121- | Finedatk brown mud.
5776 m.

Eremacaster tenebrarvus (Fisher).

Porcellanaster (Eremicaster) tenebrarius, Fisher, 1905, p. 293.
Porcellanaster waltharii, Ludwig, 1905, p. 92, pl. v, figs. 26 and 27.
Eremicaster tenebrarius, Fisher, 1911, p. 24, pl. i, figs. 1 to 4, pl. ii, fig. 4, pl. liii, figs. 4 and 4a.
OCCURRENCE :
St. 171, SW slope of the Carlsberg Ridge, 3840-3872 m. ; 24 specimens.
REMARKS.—The specimens agree closely with the description of the American forms.
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In all the larger examples each supero-marginal plate is armed with a spine equal in height
to the plate itself (about 2-25 mm.), and two of the specimens have a second shorter spine
on the third and fourth plates of each arm. The terminal plate bears five spines, a pair
on the actinal edge of the outer wall directed outwards, a median spine above them, and
proximally another pair which appear to continue the series of the supero-marginal spines.
These two latter spines are barely 1 mm. long ; the other three are equal in size to those
of the supero-marginal plates. Segmental papille extend about a third of the way down
the arm before becoming spiniform. No specimen has more than one true adambulacral
spine. The specimens range in size from R 6 mm. to R 30 mm., and the table below
shows some of the features which change as the animal grows :

Number ~ Number of  Number of Number of rows of papillz per
R, mm. 1, mm R/r of SMPs spines on cribrifor O
SMPs. unarmed. TP. Median organ.  Outer organ.
6 3 2-0 4 All 3 6 2
6 3 20 5 ’ 3 8 0
7 3 2-3 3 ” 3 8 0
7 3 2-3 5 " 3 8 0
7 3 2-3 5 . 3 8 0
7 3 2-3 5 ’ 3 8 0
7 3 2-3 5 ’ 3 8 0
7 3 2-3 5 ’ 3 8 0
8 4 2-0 4 None 3 6 2
9 4 2:2 5 ’ 3 10 2
10 4 2-5 5 . Interradials . 5 8 2
10 4 2:5 5 All 3 8 4
10 5 2:0 5 ’ 3 8 2
11 5 2-2 5 . Interradials . 3 8 2
15 7 2-1 7 None 3 14 6
15 6 25 5 ’ 5 8 4
16 7 2-3 6 . Interradials . 3 14 6
16 7 2-3 6 None 3 16 8
20 8 25 7 ), 5 12 6
22 8 27 8 » 5 10 6
23 10 Mog) 9 ’ 5 14 10
28 11 25 8 ’ 5 12 6
33 12 2-8 12 ’ 5 16 10
30 10 3-0 11 5 14 10

b

(1) The R/r ratio, though variable owing to the distortion of the specimens, shows a
definite increase with growth. (ii) The smallest forms have no supero-marginal spines.
They tend to appear first on the plates of the ray, and then on every plate. (iii) The
smaller specimens have three terminal spines only ; the inner pair do not appear till later.
(iv) The number of rows of papille forming a cribriform organ increases as the animal

grows, and the two outer organs do not usually appear till the specimen has reached
R 8 mm.



ASTEROIDEA

329

The young forms, which possess only a single cribriform organ, are indistinguishable
from species of Porcellanaster, and are very different from the adult forms with three
cribriform organs and supero-marginal spines. Nevertheless T believe that the trends
shown in the table are sufficiently continuous to justify the inclusion of all the examples

1n one species.

Genus Hyphalaster Sladen.

Twelve species have up to the present time been ascribed to this genus, but Ludwig
(1907) considers H. valdivice Chun to be synonymous with Thoracaster cylindratus Sladen,
Lieberkind (1932,
1935) adds H. gracilis Koehler and H. forévs Koehler to the list of synonyms of H. parfaits,
so that the number of species is thus reduced to eight. Their distribution is shown in the

and . antonsi Perrier to be synonymous with H. parfaiti Perrier.

table below :

. . Numb ‘
Ocean. ) Spef:les. I\um}l;:r ot | Reference. Locality.
(Synonyms in brackets.) caugnt. N el
Pacific .| diadematus Sladen 1 Sladen, 1889 W. of 8. America
| hyalinus Sladen . 1 . o Mid-Pacific
inermis Sladen o 1 . s S. of Japan
mosery Ludwig 2 1 Ludwig, 1905 . )
Southern .| planus Sladen . 1] s 1 Sladen, 1889
scotice Koehler . ! .. o Koehler, 1907
Indian . tara Alcock & Wood- ¥ .. | Alcock and Wood-|  Bay of Bengal
Mason Mason, 1891
Atlantic .| parfaiti Perrier . A 1 1 Perrier, 1894 Gulf of Gascony
‘ 26 2 Lieberkind, 1932 ' Coast of Norway
} 2 . 1935 S. Greenland
(antonii Perrier) ) 1 1 Perrier, 1894 Azores
2 2 Koehler, 1909a Azores,
1
' Cape Verde Is.
‘ (graeilis Koehler) . & ‘ 1 | ) ’ Coast of Spain |
(fortus Koehler) . & 2 ‘ N ) Cape Verde Is.,
] ‘ Azores

Hyphalaster tara Alcock & Wood-Mason.
Hyphalaster tara, Alcock & Wood-Mason, 1891, p. 434, text-fig. 11.

OCCURRENCE :

Depth.

| 3800 .
5000 m.
3000 m.
4505 m.

3500 m.
2538 m.

3195—

3650 m.

4787 m.

2278-

2400 m.

3061-

3087 m.
2995 m.

3800—

5430 m.
5413 m.
1 3890 m.
4360 m.

Bottom.

Blue mud.
Radiolarian ooze.
Blue mud.
Globigerina ooze.

Diatom ooze.
Globigerina ooze and
puinice.

Grey yellow mud.
Blue mud.

Soft white mud.
Sand and mud.

Globigerina ooze.
Sand and mud.
Globigerina ooze.

St. 171, SW slope of the Carlsberg Ridge, 3840-3872 m.; 15 specimens.

DistriBuTiON.—Bay of Bengal ; Indian Ocean off NE Africa.

Descriprion.—The following description is taken from one of the seven larger
specimens, the dimensions of which are: R 20-25 mm . and r 8-12 mm.

R/r varies
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from 2-:0-2-5. It is not possible to get a more accurate figure owing to the distortion
which the specimens have suffered.

The abactinal surface is beset with rather small, well-spaced paxille, each bearing
three or four rounded granules. At the base of each radius there is a conspicuous patch
of larger paxillee, each of which has ten to twenty granules. The proximal end of the
patch is about 2 mm. from the centre of the disk ; the patch is some 3 mm. long by 1 mm.
broad, and its distal end is about 6 mm. from the point where the third pair of supero-
marginals come into contact. Each patch contains eighteen to twenty-four paxillee in
three irregular rows, and there are also two rows of large paxillee lying parallel with, but
separated by two rows of small paxillee from, the four supero-marginal plates which bound
the disk.

The madreporite, which measures about 1 mm. radially by 2 mm. tangentially, lies
against the supero-marginals on one of the interradii and its sulei radiate from a point
on its inside edge. The cribriform organs, three to each interradius, are composed of
sixteen rows of papillee. An epiproctal cone, 1 to 2 mm. long, is present.

There are six supero-marginal plates, of which the distal four are in contact with their
opposites down the length of the ray. The first plate is about 3 mm. long, the next four
2'5 mm. long, and the sixth 2 mm. long. All are about 2 mm. high and are gently curved.
For the most part they lie horizontally and form a broad border to the paxillar area,
with the infero-marginal plates just visible beneath them, but this varies considerably
with the condition of distortion of the specimen and the plates may lie almost vertically.
They are always set at a steeper angle on the arms. The infero-marginals lie directly
below the supero-marginals, but their height is uniformly less, decreasing from 2 mm.
interradially to rather less than 1 mm. at the end of the arm. They stand vertically and
do not encroach on the actinal surface.

The terminal plate is large, about 3 mm. long by 3 mm. high, faintly carinate and
armed with four fine tapering spines, hyaline at the tip and 3 mm. long. The first spine is
situated on the mid-abactinal line near the proximal edge of the plate and points vertically
upwards. The second spine is also median and abactinal in position and projects upwards
and outwards from a point near the distal edge of the plate. A pair of spines, directed
horizontally, arise from the actinal border of the end wall of the terminal plate. The
surface of the supero-marginal and terminal plates is covered by a series of very fine
papillee.

The actinal intermediate areas are paved with regular columns of rectangular, imbri-
cating plates, devoid of spines. There are eight columns running at right angles from the
infero-marginal plates to the adambulacral and mouth plates. There are also eight rows
tangentially, but the arrangement in this direction is less regular. Each of the adambu-
lacral plates bears a furrow comb of five or six short flattened and bluntly triangular
spines ; these are usually folded back over the actinal surface of the plate, which is devoid
of any armature. The mouth plates bear a pair of short stout conical spines projecting
into the mouth cavity, and a comb of seven or eight spines, similar to those of the
adambulacral plates, projecting into the furrow.

VariaTioN.—Among the seven larger specimens the following variations are found :
(1) One example shows a remarkable elaboration of the pattern formed by the large paxillee.
A second radial patch, of twelve to fifteen large paxillee in two irregular rows, lies distal
to the first and is separated from it by two or three rows of small paxille. About a
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millimetre on either side of this second patch, and a little nearer the centre, there is a
group of four to twelve large paxille. (ii) There is variation in the size of the large
paxillze, and this is particularly marked in the rows near the supero-marginal plates, for
the component paxille of these are in some examples three to four times, in others barely
twice. the size of their neighbours. (iii) One specimen has five small granules on the
actinal surface of each mouth plate. In the rest the mouth plates have no actinal armature.

Youxc Foras.—Eight specimens have a major radius of between 6 and 12 mm. All
that are not too badly damaged show a small patch of enlarged paxille on each radius.
Other features are: R/r about 2:0: supero-marginal plates three to four; four to six
furrow spines ; three spines only on the terminal plate, the proximal of the two median
spines being absent.

Hyphalaster giganteus sp. n. (PL I, figs. 3 and 7.)

OCCURRENCE :

St. 171, SW slope of Carlsberg Ridge, 3840-3872 m. ; 1 specimen.

Diacyosis.—Close to Hyphalaster parfaiti Perrier, differing mainly in lacking spinelets
on the actinal intermediate plates. Disk large, inflated ; arms long, thin and tapering ;
interbrachial arcs widely rounded ; ecribriform organs nine. Abactinal surface beset with
uniform paxille, each with one or two central spinelets surrounded by a circle of seven to
nine similar spinelets. Supero-marginals twenty-six, the distal twenty-one in contact
abactinally. Infero-marginals corresponding to supero-marginals, except in middle of
arm, where they are a little longer. Actinal intermediate plates rectangular, imbricating ;
arranged in radial and tangential columns ; devoid of granules or spines. Adambulacral
plates with four or five conical furrow spines and two fine acicular spinelets on the actinal
surface. Mouth plates armed each with a strong spine projecting into mouth cavity, and
six or seven furrow spines similar to those of adambulacral plates ; actinal surface with
five small hemispherical granules.

Descriprion.—R 88 mm., r 24 mm., R/r 3-6. The single specimen is in poor con-
dition, for it has only one complete arm, which was broken, but still attached, when the
animal was brought up. The abactinal surface is much inflated, apparently by a large
collection of mud in the stomach. It is covered by uniform close-set paxille, on each of
which there is a whorl of seven to nine spinelets surrounding one, or occasionally two,
similar spinelets, which are roughly twice as high as broad, slightly tapering and rounded
at the tip. There is no epiproctal cone. The madreporite, lying against the supero-
marginal plates on an interradius, measures 4-5 mm. tangentially and 4 mm. radially.
Its furrows radiate from a point about 1-5 mm. from the inside edge.

The supero-marginal plates number twenty-six, and of these the distal twenty-one
are in contact with the corresponding plate of the opposite side of the ray. The plates
are longer than high in the interradius, square at the base of the arms, and thence higher
than long, as is shown by the following measurements :

Plate No.
1. 1n. 2. 96,
Length . . . 5 . 3-5 . 2-5 . 1-25 mm.

Height . . . 4 . 35 . 3 . 2
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Seen in section the plates slope inwards, are somewhat curved, and meet at a point so
that the arm has the shape of a Gothic arch. The plates bordering the disk are similar in
position and shape, but when seen from the side they are slightly tumid whereas along
the arm the plates are quite flat.

In the middle of the single arm the snfero-margenals are a little longer than the supero-
marginals, but elsewhere they correspond with them except at the base of one of the
broken arms, where injury is, perhaps, responsible for the irregularity. The plates are
rectangular and do not encroach on the actinal surface. Their dimensions are :

Platg No.
1. 10. 20. 26.
Length 5 4 . 3 . 1-75 mm.
Height 3 35 . 2 . 1

Both sets of plates are covered with very small papillee, which to the naked eye give a
“matt ”’ effect. On the abactinal surface a strip of brownish pigment extends down the
centre of each arm.

In two of the interradii there are nine c¢ribriform organs, each extending over both
supero- and infero-marginal plates. The outermost organ is made up of sixteen, the
mnermost of twenty rows of slightly elongate papillee. The interradius in which the madre-
porite is lodged has but eight cribriform organs and these occur only between the infero-
marginal plates ; between the supero-marginals only a few papille are to be seen, mostly
lying near the upper edge of the plate; the remainder have probably been scraped off.
One of the arms has evidently been injured and regeneration has led to irregularity in
the arrangement of the plates, for the infero-marginals no longer correspond to the supero-
marginals. As a result two interradii have seven complete cribriform organs and one
half-organ between the supero-marginals. In one case this lies isolated; in the other
two supero-marginal portions converge on one infero-marginal portion and form a Y-shaped
organ.

The actinal vntermediate areas extend to the eighth or ninth infero-marginal
and the component plates lie in regular radial columns, of which the central column
contains ten to twelve plates, and less regular tangential rows. As the outer border
of the area is approached the plates show a decrease in size. Their surface is quite
smooth.

The adambulacral plates are mostly badly damaged. There are four or five conical
furrow spines, those in the centre nearly 2 mm. in length, those outside commonly about
half this size. Near the outer border of the actinal surface two fine pointed spinelets,
about 0-5 mm. long, are found.

Each mouth plate bears a robust spine directed into the mouth cavity and a furrow
series of seven spines similar to those of the adambulacral plates. On the actinal surface
five small hemispherical granules form two series, one parallel with the furrow and another
parallel with the suture between the adjacent plates.

ArrinNtTiES.—TwWo other species of Hyphalaster which possess nine cribriform organs
have been described, and the table below shows the main differences between them and
H. gwganteus :
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Species. R. R/r. Number of SMPs. Act. int. plates.
giganteus . . 88 mm. 3:6 26 . Bare.
parfaiti . . .85 30 16 . Spiny.
mosery . . . 325, 2-5 11 . )

The greater R/r ratio and more numerous supero-marginal plates of giganteus are of
doubtful significance in view of its greater size, but, on account of the complete absence of
spines or granules on the actinal intermediate plates. it would not be justifiable to regard
the present example as identical with either H. parfaiti or H. moseri. There is a possibility
that it belongs to a known species, but is unrecognizable owing to the discrepancy in size
between it and the described type, but there are no grounds for this view and the course
open to least objection is the creation of a new species.

Sub-family CTENODISCINE.
Genus Pectinidiscus Ludwig.

Pectrnadiscus anne Ludwig.

Pectinidiscus annee, Ludwig, 1907, p. 312; Lieberkind, 1932, p. 293, pl 1, figs. 3-8, pl. v, figs. 4-13,
pl. vi, fig. 3.

OCCURRENCE AND DisTrIBUTION.—The genus contains two species, P. sibogew
Doderlein, from the Malay Archipelago, and P. anne Ludwig, of which all the known
records are shown in the table below :

Number

Expedition. Station. caught. Locality. Depth. Bottom.
* Valdivia ” 242 3 Off Dar-es-Salaamm =~ 404 m. Green mud.
) 243 2 " 400 m. ..
A 245 50 Zanzibar channel | 463 m. Globigerina ooze, blue clay.
¢ Mabahiss ” 104 1 . 207 m. Grey green mud, sand and shells.
- 106 38 ), [ 183-194 m. Green mud.
' [ 110 2 N 347-348 m. Grey green mud, sand and shells.

VEMARKS.—The table on p. 334 throws some light on some of the changes which
accompany growth.

The changes which accompany growth are: (i) The R/r ratio increases. (ii) The
number of supero-marginal plates bearing spines becomes proportionately greater. The
variation in the absolute number of spines is noted by Lieberkind. (iii) It is characteristic
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of adults to have smaller paxille on the epiproctal funnel and alongside the supero-
marginals. In small specimens in which R is less than 14 mm. only the paxillee on the
epiproctal funnel are noticeably smaller than those of the rest of the disk. (iv) The
smaller specimens commonly have four instead of five furrow spines.

The paxillee of the smallest specimens examined are surmounted by a crown of six
to eight granules about a single one. This condition persists unchanged up to the largest,
with the exception of the specimen with R 24 mm. from St. 106, in which some of the
paxillee bear as many as twelve peripheral granules.

Number of Number of

St. R, mm. r, mm Rjr SMPs. SMPs armed.
106 6 2.75 2-1 6 3
104 6 2-5 2:4 7 .
106 7 3 2-3 z 0
., 7 3 2-3 7 0
., 7 3 2-3 7 2
., 7 3 2.3 7 2
) 7 3 9.3 7 3
y 75 35 .21 7 g
. 7-5 35 2-1 7 8
! 8 4 2 7 2
. 8 3:5 2:3 7 .
. 85 4 2-1 7 4
, 85 35 2-4 7 4
. 9 3:5 2-5 7 -
5 9 3-5 25 7 3
5 9 3:5 2:5 7 e
5 9 3-5 25 7 4
. 9 3:5 2-5 7 .
y .9 35 2-5 7 s
: . 95 35 27 7 e
. ; 9-5 4 2-4 7 5
. .10 4 2-5 7 e
S [ 4 2:5 ¢ >
. .11 4-5 2-4 7 5
. .11 45 24 8 8
5 .11 4 275 7 5
. . 1145 4°5 2-8 11 8
N . 13-5 5 2-7 9 6
) . 185 5.5 2-4. 10 6
. .14 55 2-5 9 6
) .14 5 2-8 11 ¢
., .14 55 2+5 10 8
110 .17 6 3 11 J
106 . 24 8 3 14 -
110 . 33 11 3 16 13
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Family ASTROPECTINIDZ.

Genus Astropecten Gray.

Déderlein (1917) has monographed this genus.

Astropecten polyacanthus Miiller & Troschel.

Astropecten polyacanthus, Miiller & Troschel, 1842, p. 69; Déderlein, 1917, p. 134, pl. iv, figs. 4, 5,
pl. xii, figs. 4, 5.
OCCURRENCE :
St. 27, Gulf of Aden, 37-91 m., sand and shingle ; 1 specimen.
St. 146, Maldives, 37 m., soft cream mud ; 105 specimens.
DistriButioN.—Widely distributed throughout the tropical Indo-Pacific region.

Astropecten grieqr Koehler.

Astropecten griegi, Koehler, 1909, p. 26, pl. vii, fig. 4, pl. x, fig. 6; Déderlein, 1917, p. 117, pl. i, fig. 6,
pl. x, figs. 1, la.
OCCURRENCE :
St. 143, Maldives, 797 m.. green sand ; 5 specimens.
St. 145, Kardiva Channel. Maldives, 494 m., green mud and sand ; 8 specimens.
DistrisurioN.—Laccadive Sea and Andaman Sea, 236-850 m. ; Maldives.
REMARKS.—The dimensions of twelve of the thirteen specimens are as follows :

Specimen.
Station 143. Station 145.
I 2. 3. 4. 1, 28 3. 4. 5. 6. 7. 8.
R . 60 48 .. .. 2 50 48 45 42 40 25 .. .. mm.
r . 9 8 7 7 c 8 8 7 8 8 5 8 5
Rjr . 6:6 60 .. .. c 6:2 6:0 6:3 52 5-0 5-0

Astropecten pusillulus Fisher.
Astropecten pusillulus, Fisher, 1906, p. 1008, pl. i, fig. 3, pl. 11, figs. 4, 4a, 4b.

OCCURRENCE :
St. 153, Maldives, 256-293 m. ; 1 whole specimen and 1 disk.

DistriBuTioNn.—Hawaiian Islands; Maldives. Fisher records 650 specimens from
267-683 m. at the former locality.

ReEMaRKS.—R 55 mm., r 11 mm., R/r 5:0; breadth of ray at base 9 mm., number of
SMPs, 35. The single entire specimen is in good condition, and though larger, agrees
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closely with the description of the Hawaiian forms. While the majority of the paxille
resemble those of the type in having one central and six to eight peripheral granules, a
few of the largest at the base of the ray have as many as twelve peripheral and three
central. The infero-marginals are armed with two spines, the outer 3 mm. and the inner
2:75 mm. long. A third much smaller spine is present on the proximal plates. There
are three small spines on the first plate. Pedicellariee occur on the actinal intermediate
and on many adambulacral plates.

Corour.—Paxillar area, light greyish olive; supero-marginals white, with a con-
tinuous longitudinal line along the outer edge and a series of transverse stripes across the
abactinal surface scarlet ; infero-marginals and actinal surface white ; tube feet avellanous.

Astropecten monacanthus Sladen.

Astropecten monacanthus, Sladen, 1889, p. 216, pl. xxxvii, figs. 10-12, pl. xxxiii, figs. 7, 8 ; Ddderlein,
1917, p. 150, pl. xiv, figs. 5, 5b, pl. xvii, fig. 9.

OCCOURRENCE :
St. 80, off Ras al Hadd at the eastern point of Arabia, 16-22 m., coarse sand

and shells; 3 specimens.
DistrisutioN.—Widely distributed in the tropical Indo-Pacific region.
ReMARKS.—The dimensions of the three specimens are :

Specimen.
1. 2. 3.
R . . . . 53 . 44 . 41 mm.
r . . . . 14 . 13-5 . 12,
Rjr 2 - c 3-8 0 3-2 c 3-4

Grenus Persephonaster Alcock & Wood-Mason.

A synopsis of the known species of this genus is given by Déderlein (1921, p. 26).

Persephonaster cingulatus (Fisher).

Psilasteropsis cingulata, Fisher, 1906, p. 1023, pl. iii, figs. 2, 2a-b, pl. vii, figs. 1, 2, 3, pl. viii, fig. 2.
Persephonaster cingulatus, Fisher, 1919, p. 111.

OCCURRENCE :

St. 185, Gulf of Aden, 2000 m., green mud ; 1 specimen.

St. 118, Zanzibar, 1789 m., globigerina ooze ; 1 specimen.
DistriBuTION.—Previously known only from the Hawaiian Islands.
REMARKS.—The dimensions of these two specimens are as follows :

Gulf of Aden specimen : R 125 mm., r 24 mm., R/r 5-2.

Zanzibar specimen : R 92 mm., r 19 mm., R/r 49,
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The following are measurements of the larger specimen :

Plate No.
2. 6. 0. 15 20. 25.
Breadth of arm . . 024 . 21 . 17 . 13 . 10 6-5 mm.
y of paxillararea. 19 . 11 . 8 . 6 . 4 3 .
Number of paxille . 023 . 17 . 13 . 9 . 7 c.7

The outer border of each supero-marginal is somewhat pointed and the distance
between the points is taken as the breadth of the arm. The number of paxille is the
number in the chevron running across the ray from one marginal plate to the other.

Abactinal surface.—Except in the very centre and alongside the marginal plates,
where they are a little smaller, the paxillee of the disk are uniform in size and on their
circular tops stand about thirty short round-tipped spinelets. A similar nnmber surmount
the paxillee at the base of the ray ; in tnis region the tops of the paxille are twice as long
as broad, but as they decrease in size along the ray their length may reach three times
their breadth, for near the tip of the ray there are some with two parallel rows of six
granules. The paxillee of the arms lie in chevrons, each arching in a gentle curve across
the arms from supero-marginal to supero-marginal, the convexity being directed towards
the centre.

There are thirty-eight supero-marginals. The first four plates are narrow but the
abactinal face of the next few encroaches more and more on to the paxillar area. The
height of the first plate is a little over twice 1ts length, but on successive plates the height
decreases and the length increases slightly, and from the tenth plate to the tip of the ray
the two dimensions are equal. FKach plate is strongly and acutely tumid, the median
ridge lying in the centre of the first few plates but coming to lie nearer the distal margin
of the remainder. The plates are covered with fine short capillary spinelets, but as
these mount the ridge they become larger and much flatter, till they are little more than
bosses. The actual summit of the ridge is occupied by a row of about ten of these flat
bosses, larger than all the rest and equal in diameter to the base of one of the infero-
marginal spines.

The wnfero-marginals correspond with the supero-marginals but their height is a little
less, and they encroach more on to the actinal surface than do the supero-marginals on to
the abactinal. The actinal surface is slightly convex, while the lateral face is raised into
a ridge running obliquely from a point below the ridge of the supero-marginal above to
the distal edge of the plate. The ridge bears four fine tapering appressed pointed spines.
The uppermost is usually only about a quarter the length of the remainder, which are
4 to 5 mm. long. Kither all three are of the same length, or the lowest is a little shorter
than the other two. An extra spine stands on the lower proximal border of the first two
plates. The rest of the plate is covered with pointed squamules which become smaller
towards the edge.

The actinal intermediate areas are small, and comprise four chevrons of plates. Of
the twenty plates in the innermost chevron, six extend in a contiguous series to the fourth
infero-marginal, while the rest lie isolated and attain the twelfth infero-marginal. The
next chevron contains six plates reaching the third infero-marginal ; the third contains
four plates reaching the second infero-marginal; while the outermost contains three
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plates, which reach only the distal border of the first infero-marginal. The plates are
covered with papilliform spinelets, of which one in the centre often stands out from the
rest and reaches a length of 2 mm.

The adambulacral plates have a strongly angular margin, the proximal facet being
the shorter, especially on the first three plates. There are nine to eleven closely crowded,
slightly flattened, round-tipped subequal furrow spines, 2 mm. or a little more in length,
Actinally stand twelve to fifteen spines irregularly arranged, similar to the furrow spines
but smaller, those in the centre of the plate about half, those near the outer border about
a quarter as long. :

The mouth plates bear a furrow series of nine or ten closely crowded spines, which are
smaller than those of the adambulacral plates. The inner angle of each plate is occupied
by an enlarged spine, about 3 mm. long by 1 mm. broad. The spines of adjacent plates
lie together and bear a striking resemblance to a cloven hoof. The strongly salient
actinal surface of the plates is occupied by short spines lying in two groups. The first
group consists of seven spines in two ill-marked rows parallel with the suture between
the mouth plate and the first adambulacral plate. The second group consists of twelve
spines in two irregular rows parallel with the suture between adjacent mouth plates.
The row next the suture is made up of eight closely crowded spines, the other of four
well-spaced spines.

The smaller specimen agrees with the above description except that the first four or
five infero-marginal plates bear five or six spines.

Comparison with Fisher’s description of Persephonaster cingulatus reveals some small
differences ; the Hawaiian form has slightly broader supero-marginals ; eleven to thirteen,
instead of nine to eleven furrow spines ; and more numerous actinal mouth spines. These
differences, however, do not seem great enough to merit specific recognition.

The colour was not matched, but the larger specimen is recorded as being “an intense
dark red with lighter marginal plates ”. In spirit it is brownish.

Persephonaster sewells sp. n. (Pl. I, figs. 5 and 6; Text-fig. 1.)

OccUurRRENCE.—ALt the following stations all near Zanzibar :
St. 105, 238-293 m., green mud ; 5 specimens.
St. 110, 347-384 m., grey-green mud and sand ; 2 specimens.
St. 115, 640—-658 m.; 1 specimen.
St. 123, 256-366 m., green mud, sand and rocks ; 1 specimen.

Diagnosis.—R/r 5. Actinal surface flat, abactinal surface slightly raised. Arms
long, tapering evenly to an attenuate point. Abactinal paxille rather small, well spaced,
bearing a brush-like arrangement of some twenty-five bluntly-pointed spinelets about
0-5 mm. in length. Supero-marginals forty, forming well-marked border to paxillar
area ; slightly tumid ; armed with a short robust spine, accompanied in distal half of
ray by a second shorter spine; covered with squamules centrally and several rows of
capillary spinelets near distal and proximal edges. Infero-marginals with three or four
fine tapering appressed spines; first two plates with actinal spines in addition; plates
covered with squamules coarser than those of supero-marginals and two rows of capillary
spinelets near adjacent edges. Actinal intermediate areas small, comprising four irregular
chevrons ; plates bearing twelve to twenty spinelets; pedicellariee, composed of about
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half the total number of spines, present on first few plates of innermost chevron, a tapering
spine springing from centre of first few plates of remaining chevrons. Adambulacral
plates with six furrow spines and on the actinal surface two rows of four or five more
delicate spines. Mouth plates with five furrow spines, the proximal edge straight, the
distal edge convex; actinally three rows of spinelets, the three innermost of the row
alongside the suture between adjacent plates greatly enlarged.

Descripriox.—The measurements of eight of the specimens are as follows :

R. r. Rjr. From Station—
80 mm. . 16 mm. 3 105
7% ., . 15 5 105
76 5 5 110
75 15 ., 5 105
%5, 15 5 110
65 ., . HET 5 105
33 . 8 . 4 . 105
29 . 7T, . 4 . 123

The abactinal surface is beset with rather small well-spaced paxillee, which are largest
in the interradius and at the base of the ray, and become smaller in the centre, in the
neighbourhood of the supero-marginals, and down the length of the arms. They stretch
across the arms in lines that are almost straight but show a slight arching towards
the centre of the disk. The number of paxille per row between successive pairs of
supero-margmals is shown in the table below. The larger paxillee are surmounted by a
brush-like arrangement of about twenty-five roundly pointed spinelets, approximately
0:5 mm. n length.

SM plate No.

12. 16. 20. 24, 30.

-
1, 4, 8.
Breadth of arm . .21 16 12 10 8 6 4-5 3 mm,
,,  of paxillar area . 18 12 ([E5) 5:5 45 3-25 2 1-5 mm.
Number of paxille . T 23 15 15 11 9 5 3

The supero-marginals form a well-marked border to the paxillar area throughout,
though they encroach more on the arms than on the disk. The first two plates are high,
narrow and short, but the height of successive plates decreases while the breadth and
length, which are always equal, increase up to the tenth plate.

Dimensions :
Pla.'qe No.
. 5 0. 15,
Height . . . 2-5 ) 1-75 . 1 . 0-75 mm.
Length . . . 15 . 2 . 2:25 . 2 ’
Breadth . . 125 2 2-25 . 2 -

The plates are slightly tumid ; the apex of the tumidity occupies the centre of the
first two plates, but on succeeding plates approaches the distal border. On the apex,
near the outer edge of each plate, there is a robust pointed spine, 1 to 15 mm. in length.
On the outer half of the ray a smaller one may stand close beside it. The plates are
covered with small, rather elongate pointed squamiform granules, of which a few round

v, 9. 43
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the base of the spine are enlarged. Towards the suture between adjacent plates the
squamules are replaced by several rows of fine capillary spinelets.

The enfero-marginals form a well-defined border to the actinal surface, but, unlike
the supero-marginals, they are broader than long, and they are low in the interradius and
increase in height at the base of the rays. Dimensions :

Plate No.
. s 10. 15.
Height . -~ . . . 15 2 1-5 1 mm.
Length . . . . 175 2 2 1-5 mm.
Breadth . . . 3 3 3 2

29

The first two plates bear three spines, 2 to 3 mm. long, on the middle of the lateral
surface and, unlike all the rest of the plates, one or two shorter spines on the actinal
surface. The plates of the proximal half of the ray bear near the distal border of the
lateral surface four, or sometimes only three, fine tapering appressed spines, of which
the two in the centre are longer and more robust. The lower of these two central spines
is a trifle the longer and attains a length of 5 or 6 mm. On the plates of the distal half
of the ray there are only three spines. The surface of the plates is covered with squami-
form granules, which are coarser and less pointed than those of the supero-marginals.
About the bases of the spines these squamules are elongated, and at the edges, near the
sutures between adjacent plates, they give place to about two rows of capillary spinelets.

The actinal wntermediate areas are small, and the plates are arranged in four rather
irregular chevrons. The first chevron contains twenty-two plates, extending beyond the
third infero-marginal as a series of isolated plates which reach the fifteenth infero-marginal.
The next two chevrons contain respectively nine and six plates reaching the fourth and
third infero-marginal. A fourth chevron consists of three plates lying parallel with the
interradial suture. The plates project as irregular, round or oval bosses, on which stand
a number of delicate round-tipped or pointed spinelets, measuring perhaps 1 mm. in
length. On the first five plates of the innermost chevron the spines number sixteen to
twenty and as many as half of them may be grouped together into a pedicellaria. On
the first two or three plates of the remaining chevrons the spines number twelve to sixteen,
and from their midst emerges a more robust tapering pointed spinelet 2 mm. or more in
length.

The furrow margin of the first three or four adambulacral plates is strongly angular,
the proximal facet being the shorter. The rest of the plates have an evenly rounded
furrow margin. This bears six parallel slightly flattened spines, which taper at the tip
to a rounded point. The two outer spines are always shorter than the rest; the two
inner spines, which reach a length of 3:25 mm., are sometimes a little longer than the
spine on either side of them, sometimes of the same length. Two rows of four or five
spines stand on the actinal surface of the plate. They resemble the furrow spines but
are shorter and more delicate. Those of the inner row are about half as long as the
furrow spines, those of the outer a little shorter than those of the inner row. One or two
spines are often found between the two rows or outside the outer one.

Mouth plates (Text-fig. 1).—Over the very salient actinal surface of each plate and
alongside the suture which separates it from its neighbour runs a row of fifteen spines.
Distally these are small and round-tipped, centrally they are squamiform, while beyond
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the middle they begin to elongate again, and the proximal three are successively larger
as they near the mouth angle, where the innermost projects as a vast, bluntly pointed
tooth. Parallel with this row a line of seven smaller round-tipped or pointed spines runs
down the centre of the plate. The border adjacent to the first adambulacral plate is
occupied by nine spines, most a little larger than those of the middle row, and the series
is continued by four spines which lie on the free border of the mouthplate, immediately
above the furrow spines. These latter, five in number, are lodged deep within the furrow.
They are flattened, somewhat pointed, straight-sided proximally and convex distally.

TEXT-FIG. 1.—Persephonaster sewelli sp. n. Mouth plate x 123.

Youxnce Forms.—The two young specimens, with R 29 and 33 mm., have all the
characters of the larger forms, including actinal infero-marginal and actinal intermediate
spines. The differentiation between the two types of granule on the marginal plates is
less well marked but is still clearly to be distinguished.

ArriNttiEs.—I have, through the kindness of the Indian Museum, been able to
compare the present specimens with Alcock’s type of Persephonaster calochiles. The
arms of this species are broad at the base and remain parallel-sided for a short distance
before beginning to taper. The arms of P. sewelly taper from the base, and their tip is
more attenuate than in P. calochiles. Further this latter species has more tumid supero-
marginals, and their entire surface is covered by capillary spinelets; the infero-marginals
also lack any trace of squamules and their spines usually number only three; and the
actinal plates lack central spinelets.

I think this species would fall into section a3 of Fisher’s key (1919, p. 111), but the
chief criterion is whether the supero-marginals are, or are not, massive, and this character
1s difficult to assess in the absence of specimens with which comparison can be made. TIts
nearest relatives would seem to be P. habrogenys Fisher and P. ediplax Fisher. The
latter species has shorter rays, no squamules on the marginal plates, no actinal spines
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and pedicellarie on the abactinal, marginal, actinal intermediate and adambulacral
plates. P. habrogenys has longer arms, small infero-marginals with actinal spines, no
spines on the actinal intermediate plates and abactinal pedicellarize.

The species is named sewells after Lt.-Col. R. B. Seymour-Sewell, leader of the
expedition.

Persephonaster gracilis (Sladen).

Psilaster gracilis, Sladen, 1889, p. 230, pl. xli, figs. 5 and 6, pl. xlii, figs. 9-11.
Dytaster anacanthus, Alcock & Wood-Mason, 1891, p. 424 ; Alcock, 1893, p. 80.
Persephonaster gracilis, Fisher, 1919, p. 123.

Persephonaster anacanthus, Fisher, 1919, p. 133.

OCCURRENCE :
St. 81, Gulf of Oman, 3351 m., grey clay ; 1 specimen.
St. 120, Zanzibar area, 2926 m., brown mud ; 1 specimen.
St. 171, Carlsberg Ridge, 3840-3872 m.; 1 specimen.

DistriBuTioN.—Japan, 3373 m., blue mud (Sladen), Bay of Bengal, 3195 m.,
globigerina ooze and pumice (Alcock) ; Gulf of Oman, Carlsberg Ridge, Zanzibar.

DEescripTioN.—The measurements of the specimens are : St. 81, R 92 mm., r 16 mm.,
R/r 57; St.120, R 55 mm., r 10 mm., R/r 5-5; St. 171, R 85 mm., r 15 mm., R/r
5:6. The following description is taken from the two larger specimens. The disk is flat.
The arms taper abruptly at the base and then more gradually to a blunt tip. In trans-
verse sectlon they are rectangular at the base, round distally. The interbrachial arcs
are acutely rounded. "

The largest paxillee on the abactinal surface have a diameter of about 0-5 mm., and
occur on the interradii and the base of the arms. On the arms the paxille are twice as
long as broad, and lie between the supero-marginals in chevrons which show only a
very slight arching towards the centre of the disk. Two or three chevrons correspond to
one supero-margial plate. Each paxilla is uniformly beset with cylindrical round-tipped
or slightly clavate granules, which stand up vertically. -The madreporite has a diameter
of 2 mm., and lies a little nearer to the edge of the disk than to the centre.

There are forty-two supero-marginals, which encroach on to the abactinal surface
only in the distal half of the rays. The first plate is high and short. The second and
third plates show an abrupt, the remainder a gradual, decrease in height, while the
length increases a little up to the tenth plate.

Dimensions :
Plate No.
1. 5. 10. 20. 30.
Height . . . 45 . 3892 . 3 . 2 . 15 mm.
Length . . . 175 . 2 . 25 . 2 . 15 ,

The first ten plates are flat, the rest are rounded. Their surface is covered with a
close-set nap of fine, slightly elongated granules, similar to those on the abactinal
paxillae but more pointed. ‘

The wnfero-marginal plates correspond to the supero-marginals and resemble them
in size and shape, except that all encroach on to the actinal surface. The first plate
bears three fine pointed spines, about 4:5 mm. long, on the centre of the lateral face. A
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similar row is found on the remaining plates but it is set obliquely, the lowest spine almost
on the distal border, the uppermost near the centre of the abactmal border of the plate.
The granules of the infero-marginals are more robust and pointed than those of the supero-
marginals, and on the actinal surface of each plate they are longer and attain a length of
about 0-75 mm.

The actinal intermediate areas are very small. The plates hie in three fairly well-
defined chevrons, without any median plates lying on the interradial line. The inner-
most chevron has eight plates, of which the proximal four are in contact, and the distal
four lie 1solated and extend to the level of the seventh infero-marginal. In the second
chevron there are five plates reaching the third infero-marginal, while the outermost
contains four plates which extend no further than the distal edge of the first infero-
marginal. The plates are beset with robust pointed spinelets closely crowded together.

The first two or three adambulacral plates have a strongly angular margin, of which
the proximal facet is the shorter; the rest have a uniformly rounded margin. The
furrow spines number seven, of which, on the angular plates, two stand on the proximal
and five on the distal facet. The spines are subequal, about 2 mm. long, stout, bluntly
pointed at the tip and invested with membrane which often gives them a clubbed
appearance. The actinal surface of the plate bears eight to ten nregularly arranged
spines similar to the furrow spines but of half to two-thirds the size.

On the inner angle of each mouth plate stands a vast spine which m one specimen is
shaped like a mortar trowel but which in the other 1s narrower and like the one figured
by Sladen. Close behind are two spines side by side, similar, but barely half the size.
Parallel with the suture between adjacent plates a row of nine or ten spines like those
of the actinal intermediate plates runs from the proximal to the distal corner. A row of
similar but slightly smaller spines lies parallel with this, and a third row runs round the
free margin of the plate. Below it, deep within the furrow, lie five or six furrow spines
rather shorter than those of the adambulacral plates.

Corour.—The colour of the specimen obtained at St. 171 was a uniform aster purple
with the marginal spines a little darker.

AFFINITIES. —The specimens have been compared with an example of Dylaster
anacanthus, kindly lent by the Indian Museum, and with the type of Psilaster gracilis at
the British Museum, and I have little doubt that they are one and the same species.

Genus Dipsacaster Alcock.
A hist of the known species of Dipsacaster is given by Déderlein (1921, p. 18).  There
are two additions to be made to this list : Lonchotaster magnificus H. L. Clark (1916,
p. 30, pl. v, figs. 1 and 2: Great Australian Bight, 144-216 m.), which is referred to
the genus Dipsacaster by Fisher (1919, p. 150), and Dipsacaster grandissvinus Goto (1914,
p. 252, pl. vin, figs. 136-139 ; pl. ix, figs. 140 and 141 : Japan, 640 m.).

Dipsacaster farquharsony sp.n. (PL 1, figs. 1 and 4.)

OCCURRENCE :
St. 157, Maldives, 229 m., coral rock ; 1 speciunen.
Disenosis.—R/r 2-7. Body rather flat. Arms broad at base, tapering somewhat
rapidly to a blunt point. Interbrachial arcs widely rounded. Paxillar area small ; paxille
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tabulate and arranged in chevrons; the largest with a central group of ten to fifteen
pointed granules, and a radiating peripheral series of thirty to thirty-five fine slightly
clavate spinelets. Supero-marginals very broad; confined to abactinal surface ; beset
with large flat angular granules and fine clavate spinelets at edge. Infero-marginals
very broad ; defining ambitus; beset with squamules, which elongate near outer edge of
plate, two or three projecting as flattened blade-like spines; other edges with clavate
spinelets. Actinal intermediate areas large, reaching thirteenth infero-marginal ; plates
with raised oval tabula on which stand thirty to forty coarse radiating clavate spinelets,
of which one is often enlarged. Adambulacral plates with nine or ten spines on inner
(furrow) margin, and three or four on outer and lateral margins ; furrow spines fine long
radiating, spines on outer margin about half size of furrow spines, spines on lateral margins
decreasing in size as furrow approached ; three spines in centre of actinal face.

DescriprioN.—R 60 mm., r 22 mm. The paxillar area is not extensive, and its
breadth at the levels of successive supero-marginals, together with the total breadth of
the ray at the same levels, is shown in the table below :

Plate No.
~ N
2. 5. 10. 15. 20. 25.
Breadth of ray . . 2 .19 . 14 . 10 . 8 . 6-5 mm.
) of paxillararea 15 . 85 . 5 . 35. 225 . 2 o

The largest paxille have a diameter of about 1 mm. and occur on the disk, four of
the largest actually on the madreporite. The paxille become smaller towards the centre
and edges of the disk and along the arms. They are well spaced and arranged in angular
chevrons directed towards the centre of the disk. Two chevrons correspond to one
supero-marginal, and the number of paxille in the chevrons between successive pairs of

supero-marginal plates is shown below :
Plate No.

— N

1. 3. 6. 12.
Number of paxille . . 19 ' 13 . 11 . 7

The top of one of the larger paxille has ten to fifteen short cylindrical bluntly pointed
granules in the centre and a ring of thirty to thirty-five longer finer spinelets, which show
a tendency to become clavate, radiating from the edge. The base of each paxilla is
six-rayed. Papule emerge between these rays all over the disk and down the arm nearly
to its tip.

There are thirty supero-marginal plates forming a broad, gently sloping border to
the paxillar area; the infero-marginals, which in the interradius project 2 mm. beyond
the supero-marginals, alone define the ambitus. The first supero-marginal is about
three-and-a-half times as broad as long. The breadth diminishes on subsequent plates,
while the length increases and reaches a maximum at the tenth plate, but it remains less
than the breadth to the tip of the ray. Dimensions of supero-marginal plates :

Plate No.

5. 10. 15. 20. 25.
Length . . .15 . 2 . 2 . 175 . 1:25 . 1 mm.

Breadth . o . 566 . 5 . 35 . 3 . 25 . 2

Al
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The surface of the plate is covered with large flat angular granules in five or six
irregular rows, while a series of fine clavate spinelets runs along the edges adjacent to the
paxillee and the neighbouring supero-margmal plates. The infero-marginal plates corre-
spond exactly with the supero-marginals, and like them are very broad, particularly in
the interradius.  Each bears about three rows of squamiform granules that are considerably
coarser than those of the supero-marginal plates. Towards the outer edge of the plate
the squamules become elongated and two, three or even four attain a length of 2 mm.
and project as pointed blade-like spines. The spinelets along the other edges of the
plate resemble those similarly placed on the supero-marginal plates but are larger and
more clavate.

The actinal intermediate plates are arranged in four chevrons containing successively
twenty-four plates reaching the thirteenth infero-marginal, twelve reaching the sixth,
seven reaching the fourth, and four reaching the third infero-marginal.  This last chevron
encloses three plates, one lying on the interradial line, one on either side of it. Each
plate bears on a raised rounded lozenge-shaped tabulum thirty to forty coarse radiating
strongly clavate spielets of which one is often enlarged.

The adambulacral plates bear nine or ten long flattened round-tipped furrow spines
on a uniformly convex margin. In the centre of the actinal face of the plate three spines
stand in an oblique row. These spines are as thick as the furrow spines but only half as
long and the axis of flattening is parallel with, instead of at right angles to the furrow.
Along the other edges of the plate is a series of about ten spines. Three on the actinal
edge resemble the central spines, but those on the edges adjacent to the neighbouring
adambulacral plates become finer and shorter as the furrow is approached.

The mouth plates bear thirteen furrow spines similar to those of the adambulacral
plates and a large number of actinal spines. A row of six round-tipped slightly tapering
spines, lying parallel with the furrow, are about half as long as the furrow spines. A
second parallel row contains six spines which are a little shorter and mn some cases a little
thicker. Two irregular rows each containing about six short thick clavate spines lie
parallel with the suture between the two adjacent plates. The border adjoining the first
adambulacral plate is beset with a number of short fine spines.

AFFINITIES.—I have been able to compare this specimen with examples of two species
previously recorded from the Indian Ocean. The British Museum contains a specimen
of D. sladent from the Cape of Good Hope. It differs from D. farquharsons in many
respects, notably: (1) The paxille are smaller and more numerous; (ii) the supero-
marginals are almost square throughout; (i) the infero-marginals are covered with
spiniform, not squamiform spinelets, and the enlarged spinelets are much smaller ; (iv) the
spinelets of the actinal intermediate areas are not clavate. Alcock’s type of D. pentago-
nalis was kindly lent by the Indian Museum. It also has but a slight affinity with the
present species and differs in the following features: (i) The rays taper less ; (ii) the paxillar
spinelets are longer and fewer and the peripheral spinelets are not clavate; (iii) the
supero-marginals are broader than long but the ratio of these two dimensions is less than
in farquharsoni ; (iv) the infero-marginal spines are round, not flattened ; (v) the adam-
bulacral plates have only five furrow spines and one of the actinal spines is enlarged.

The extremely broad supero-marginals of D. farquharsoni serve to distinguish it
from all other species of Dipsacaster except D. grandissimus Goto (1914) and D. pretiosus
Déderlein (1902). The latter is probably the most closely related form, but may be
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distinguished by the fewer furrow spines (five), the more abundant granulation on the
abactinal and marginal plates, and the enlarged infero-marginal spinelets not projecting
beyond the edge of the plate. The infero-marginals of D. grandissimus are *“ uniformly
covered with a thick coat of very fine, somewhat flattened spines of a silky appearance ”.

The species is named after Lt.-Cmdr. W. I. Farquharson, R.N., navigator and surveyor
to the expedition.

Immature Astropectinide.
Young forms were taken at the following stations :

St. A, Gulf of Suez, 65-68 m. ; Astropecten sp. 1 specimen.

St. 10, Red Sea, 55 m. ; - 1 ’
St. 34, Gulf of Aden, 1022 m. ; ), 1 N
St. 43, S. Arabian coast, 83-100 m. ; ), 2 specimens.
St. 66, Gulf of Oman, 609 m. ; , 2 "
St. 70 v ’e 196 m. ; ’s 55 v
St. 71, ' 106 m. ; " 1 specimen.
St. 143, Maldive area, 797 m. ; Persephonaster sp. 1 ),
St. 145, . ,, 494 m.; Astropectinids, 2 specimens.
St. 171, Central part, Arabian Sea,

3840-3872 m. ; Astropectinid, 1 specimen.

The specimen from St. A is larger than the rest and, though too small for definite
identification, shows features of some interest : R 24 mm., r 8 mm., R/r 3; breadth of
ray at level of fifth supero-marginal 7 mm., breadth of paxillar area at same level 4 mm.
The arms taper to a bluntly pointed tip.

The paxillee are small and closely crowded on the centre of the disk, large and less
crowded at the base of the ray, small and well-spaced half-way down the ray where three
rows correspond to one supero-marginal plate. HFach bears a peripheral series of eight to
thirteen short radiating clavate spinelets and usually there is a single central granule,
but on the larger plates at the base of the ray there may be as many as five.

There are twenty supero-marginal plates, each one a little broader than long and
beset with about five irregular rows of well-spaced hemispherical granules which are
rather larger than those of the paxille. Along the edge of each plate the granules become
finer and elongate.

A broad flattened pointed spine, some 2 mm. long, occupies the centre of the upper
border of each infero-marginal plate. Immediately below it is an oblique row of three
or four fine spines, of which the distal is the largest; it is a little more than half the
length of the main spine. On the actinal surface of the plate four or five rather smaller
pointed spinelets lie in a row just distal to the median line. On the first two or three
plates a second similar row lies on the proximal side of the median line. The rest of the
surface of the plate is beset with small well-spaced sharply pointed granules.

On each side of the interradial line there are three actinal intermediate plates each
bearing a tuft of slightly clavate granules. In one interradius which has been closely
scraped there lies what appears to be a rudimentary fourth plate.
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The adambulacral plates bear three tapering pointed furrow spines, the central a
little longer and finer than the others. In the middle of the actinal surface of the plate
there are two spines, the distal similar to one of the outer furrow spines, the proximal
usually distinctly smaller. Between these two spines and situated nearer the outer
border of the plate is a much finer spine.

If this specimen really has four actinal intermediate plates it is very close to, perhaps
identical with, the Australian species d. problematicus Doderlein (1917, p. 163). The
characters of the rest of the body would place it in Doderlein’s scoparius group, the most
nearly related species being scoparius itself. This group. however, i1s biventral, though
Déderlein records in one of its members (kagoshimensis) the occurrence of three actinal
intermediate plates as an abnormality.

Family Luipiipa.

Déderlein (1920) has monographed this family.

Genus Luidia Forbes.
Luidva prionota Fisher.

Luidia prionota, Fisher, 1913a, p. 202 ; 1919, p. 164, pl. xli, figs. 5, da, pl. xlv, figs. 1, 2.

OCCURRENCE :

St. A, Gulf of Suez, 65-63 m., soft yellow mud ; 2 specimens.

DistriBuTioNn.—Philippines, 20 m. ; Gulf of Suez.

{EMARKS.—No arms are whole but the minor radi of the two specimens are 7-5
and 9 mm. One specimen has two actinal intermediate pedicellarie, but, except for
these, pedicellarize are confined to the mouth plates. The adambulacral armature has
the same arrangement as in the type, but the relative sizes are rather different. The
upcurved furrow spine is about equal to the length of the plate, instead of one-and-a-half
times as long as in the type, while the spine just outside it is nearly twice the length of the
plate. Of the pair which stands just external to this, the distal spine, 1s only a little
smaller, but the proximal is much shorter and finer, barely half the length of its companion.
The spines of succeeding rows are similar to this little one. With this one exception the
specimens agrec with Fisher’s description of the Philippine forms.

Lurdra avicularia Fisher.
Luidia avicularia, Fisher, 1913a, p. 203 ; 1919, p. 172, pl. xliii, fig. 1, pl. xliv, fig. 2, pl. xlvi, figs. 2, 2a-c.

OCCURRENCE :

St. 27, Gulf of Aden, 37-91 m., sand and shell ; 1 specimen.

DistriBuTiON.—Philippines ; Gulf of Aden.

ReEMaRKS. —Two arms are entire but both are in process of regeneration ; r 16 mm.
The abactinal paxillee are borne on a high rounded arch, beyond which the infero-marginals
scarcely project. Down the centre of each arm is a band of paxille in six or seven irregular
rows. The paxillee are small and beset with short round-tipped spinelets, two to nine
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in the centre, and ten to seventeen rather finer ones peripherally. As far as can be made
out there are no paxillar pedicellariz.

On either side of this median band there are four regular rows of larger paxille, the
outermost, which is the supero-marginal row, being the smallest. Springing from the
centre of nearly every plate of the innermost row is a tapering pointed spinelet, nearly
1:5 mm. in length. Around it are about two rings of spinelets. A few of the paxillee of
the next row bear a similar enlarged central spinelet, but on the two outermost rows a
spinelet of the dimensions of those on the two inner rows is never found, though often one
spinelet in the centre is a little larger than its neighbours.

The infero-marginal plates bear four or five tapering pointed slightly curved spines,
the upper three subequal, about 3 mm. long, the lower one or two somewhat shorter.
The edges of the plates have a sparse covering of small, rather broad spinelets.

The adambulacral armature is variable. There is always a flattened upcurved
pointed spine projecting across the furrow but never apparently a pedicellaria beneath it.
A stout, upright conical spine stands above the furrow spine, and behind it is a similar
but smaller spine and then one of the long two-jawed pedicellarize. ~ One or both may be
replaced by a pedicellaria.

This specimen is to some extent intermediate between the Andaman species L.
wntegra Koehler and the Philippine species L. avicularia Fisher, both of which are founded
on a single specimen. It agrees with the former in lacking abactinal pedicellaria, but on
account of the occurrence of elongated spinelets on the dorso-lateral paxille it is here
referred to the species L. avicularia.

Immature Lusdiidee.
Small forms, all with more than five arms, were taken at the following stations :

St. 24, Gulf of Aden, 73-200 m. ; 1 specimen.
St. 27,  ,,  ,, 37-9lm.; 1,

St. 43, S. Arabian Coast, 83-100 m. ; 1 ’

St. 119, Zanzibar area, 1207-1463 m. ; 1 ’

St. MB. Il¢, S. Arabian Coast, 29 m. ; 1

Family BENTHOPECTINIDZ.
Genus Pectinaster Perrier.

The table below shows the distribution of the species which are referred to this
genus. Sladen’s species Pontaster forcipatus, Pontaster forcipatus var. echinita and
Pontaster mimicus are referred to the genus Pectinaster by Perrier (1894, p. 279). Ludwig,
in his revision of the family (1910) ranks Pontaster forcipatus Sladen and Pontaster
venustus Sladen as synonyms of Pectinaster filholi Perrier, and also transfers to the present
genus Archaster echinulatus Perrier, Pontaster pristinus Sladen, Pontaster hispidus Alcock
& Wood-Mason, Pontaster cribrellum Alcock, and Cheiraster agassizie Ludwig. Verrill
(1915) transfers Archaster echimulatus Perrier to the genus Cheiraster, and Pontaster
olwgoporus Perrier and Cheiraster vincentt Perrier to the present genus.
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Species. Number Number o=
Ocean. (mmnyni B Reference. | caught. Statc;‘fm& Locality. Depth. Bottom.
- ‘ e — Y —
Atlantic . filholi Perrier Perrier, 1894 Many 4 Cape Verde, 1258- | Grey or grey-green
Azores 2333 m. mud.
Clark, 1923 11 4 Cape of Good Hope ~ 1422-
1828 m.
(venustus Sladen) Sladen, 1889 9 Azores 1645—  Pteropod ooze, globi-
3702 m. gerina ooze.
Perrier, 1894 51 1 . 1258~  Sand, greenish mud,
. 2200 m. grey mud.
(forcipatus Sladen) Sladen, 1889 . 4 N. America 2260- | Blue mud.
3108 m.
(forcipatus var. echi-
nata Sladen) . . 1 Between Marion | 2513 m. | Globigerina ooze.
and Crozet Is.
pristinus (Sladen) . . . 1 S. America - 3748 m. | Blue mud.
oligoporus (Perrier) Perrier, 1894 1 1 West Indies 270 m. ..
Verrill, 1915 1 1 . ' 270 m. | Ooze and sand.
vincenti (Perrier) . Perrier, 1894 - o . . .
YVerrill, 1915 6 1 " " 166 m.
martus Verrill . . Many ' . 151-
434 m.
gracilis Verrill . . “Very ' " 126-
common 540 m.
dispar Verrill . ), I " ' .. ..
Pacific . agassizit (Ludwig) Ludwig, 1905 596 9 Gulf of Panama, 1271- | Globigerina ooze and
Gulf of California, | 2323 m. |  mud.
Galapagos Is. :
(Clark, 1913 96 7 S. California 811- |
1990 m.
,, 1920 11 1 Gulf of Panama 1393 m. | Green sand.
, 1923 44 S. California 792 m.
agassiziv subsp.
evoplus Fisher Fisher, 1911 221 3 " 1798- | Grey and green mud.
1935 m. .
. robustus A. H. Clark Clark, 1917 1 1 Oft Chile 2415 m. ..
Eastern mimecus (Sladen) ,  Sladen, 1889 R 1 Arafura Sea 1463 m. | Green mud.
Archi- . Fisher, 1919 13 7 Flores Sea, 1264~ | Grey and green mud.
pelago Macassar Strait, 1995 m.
; | Celebes I
| mumicus subsp. palawa- " ” LIG R 11 A] Palawan Passage = 1334 m. | Coral sand.
nensts Fisher ! |
mimicus subsp. mala—‘ Déderlein, 1921 14 : 6 | Celebes 1018- | Grey and green mud.
yanus Doderlein | 1914 m.
' hylacanthus Fisher ' Fisher, 1913a |34 ] 4 Philippines 700- N "
l ‘ 800 m. sand.
mimicus subsp. kylacan- Doderlein, 1921 11 ‘ 4 Moluccas 724-  Grey and blue mud.
, thus Doderlein ‘ 924 m.
| Indian . wmemicus (Sladen) .. Alcock, 1893 o0 | Laccadive Sea 1828 m. Olive mud.
‘ hispidus  (Alcock & Alcock and i ' " 1828 m. | Green mud.
! Wood-Mason) Wood-Mason, \
1891 } |
i Koehler, 1909 8 | 1 Arabian Sea to 877—
{ | ‘ | Gulf of Oman 2473 m.
| cribrellum (Alcock) Alcock, 1893 Laccadive Sea 2192 m. | Coral and globigerina
|
\

| ooze.
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Pectinaster agassizic (Ludwig).

Chetraster agassizis, Ludwig, 1905, p. 1, pl. i, figs. 3, 4, pl. ii, figs. 5-12, pl. xvi, figs. 81-84.
Pectinaster agassiziz, Ludwig, 1910, p. 449.

OCCURRENCE :

St. 185, Gulf of Aden, 2001 m., green mud ; 2 specimens.

DistriBuTION.—Gulf of Panama, Gulf of California, Galapagos Is.; Gulf of Aden.

DuscriprioNn.—The measurements of the two specimens are: larger, R 119 mm.,
r 17 mm., R/r 7; smaller, r 14 mm. The abactinal paxille are of two kinds, the smaller
uniformly granular, the larger with a ring of granules surrounding a central spinelet. In
the smaller specimen the abactinal surface is in better condition, and these spinelets
can be detected everywhere, though they become smaller as the tip of the ray is approached
and are not visible to the naked eye much beyond the middle of the ray.

The papularia are oval, the radial axis a little longer than the tangential. Each
contains forty to fifty pores. -

The larger specimen has thirty-three supero-marginal plates, which are small, confined
to the side of the ray, and armed with a robust pointed spine 4 to 5 mm. long. The
first two or three plates are closely covered by fine elongate granules; on succeeding
plates the granules become scarcer, and a small area below the spine is bare.

On the lateral face of each infero-marginal plate there is a spine similar to that of the
supero-marginal above, and on the actinal face stands a second spine like it but between
a third and one-half the size. The granulation is coarser and more uniform than that
of the supero-marginal plates, and about the base of the larger spines there are often two
or three spinelets.

The actinal wntermediate areas extend to the sixth infero-marginal plate. The plates
are beset with short cylindrical spinelets, round-tipped or pointed, about 0-5 mm. in length.
Springing from the centre of some of the plates is a tapering pointed spine which may
attain a length of 2 mm., though usually it is less. Fasciolar pedicellariee are numerous.

Seven adambulacral furrow spines are set on an angular border. The central spine
is the longest, and there is a progressive decrease in size to the outermost, which is barely
half as long. Four or five small spines along the proximal border of the plate appear to
continue the furrow series. There is a robust conical spine about 3 mm. long in the centre
of the actinal surface of each plate. Sixteen adambulacral plates correspond to ten infero-
marginals.

From the inner corner of each mouth plate two stout tapering spines, of which the
inner is a trifle the larger, project into the mouth cavity. Projecting into the furrow are
six smaller spines which show a regular decrease in size from the proximal to the distal
end of the series. Two large conical spines stand on the actinal surface of each plate,
together with a number of small cylindrical spines, of which a series of four lie parallel
with the furrow, while eight in two irregular rows lie parallel with the median suture.

ArrINITIES.—A doubt as to whether these two specimens have been correctly identified
will persist until they have been compared side by side with an example of P. agassizii.
Both, however, agree closely with Ludwig’s description, and the only difference is that,
whereas the present examples have but one supero-marginal spine, specimens of smaller
dimensions from the East Pacific have two. I do not think this character affords sufficient
grounds for separation.
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The most closely related species is P. mimicus Sladen. This form has the abactinal
spinelets confined to a central band and a uniform actinal intermediate granulation. It
may be separated on yvet a third character, not mentioned in Ludwig’s key, namely, the
smaller number of papulz.

Pectinaster agassizii granuliferus subsp. n.

OCCURRENCE :

St. 26. Gulf of Aden, 2312 m., soft grey white mud ; 3 specimens.

One specimen is small (R 33 mm.). The other two are well-grown and have the
following characters : (i) R 158 mm., r 20 mm., R/r 7-9, number of papule 40, number of
supero-marginal plates 45: (i) r 8:5 mm., number of papule 25. The specimens are
very close to P. agassizii Ludwig, of which two examples were obtained at St. 185, and
the description is therefore given in the form of a comparison.

Dragnosis.—Close to P. agassizii, differing in three particulars : abactinal spinelets
confined to a central band ; abactinal and intra-marginal pedicellariee present ; granules
instead of spinelets on the actinal plates.

DEescriprioN.—On the abactinal surface an occasional pectinate pedicellaria is found, and
the paxillee with central spinelets are absent from a band some 2 mm. broad adjoining the
supero-marginal plates. In P. agassizie these paxillee occur all over the abactinal surface.

In the larger specimen the proximal swupero-marginal plates bear two spines, the
longer measuring 4 mm., the shorter 3 mm. The granulation is similar to that of P.
agassizie in distribution but it is shorter. Whereas the granules of P. agassiziv are defi-
nitely capillary, those of this subspecies are papilliform. Pedicellarize are found between
the first two or three supero-marginal and infero-marginal plates. The wnfero-marginals
are similar to those of P. agassizii, but in the larger specimen they bear three, instead of
two, spines.

The pedicellarize of the actinal intermediate areas are similar to those of P. agassizit
but rather more numerous. The plates are bordered by rather few short hemispherical
or pointed granules, and on account of this the actinal surface has a facies distinctly
unlike that of P. agassiziz, in which the armature is more abundant and spiniform. This
subspecies has, however, an elongate conical spine in the centre of many of the plates.

The furrow spines of the adambulacral plates are arranged as i P. agassizis but they
are a little shorter, and the series along the proximal border of the plate is granuliform
instead of spiniform.

ArriNiTIES.—The subspecies granuliferus differs from P. agassiziv evoplus Fisher in
the restriction of the abactinal spinelets, in the granular actinal intermediate armature
and in having fewer pores. The first two characters suggest the group of species to which
P. mymicus Sladen, P. filholi Perrier and P. hispidus Alcock & Wood Mason belong,
but all these have a uniform actinal intermediate armature and a relatively small number
of pores.

Genus Benthopecten Verrill.

Ludwig (1910) in his revision of the Notomyota retains Benthopecten Verrill and
Pararchaster Sladen as distinct genera. Fisher (1911, p. 143) points out certain difficulties
which arise if this step is taken and unites the two genera. The distribution of the
genus Benthopecten in the extended sense demanded by Fisher is as follows :
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Species. Number Number q
Occan. (Synongron in brackets.) Reference. caught. o | Locality. | Depth. Bottom.
| | | !
Atlantic . spinosus Verrill .| Verrill, 1899, 1915 Many Coast of U.S.A., 1300-
records Gulf of Mexico 3600 m. |
Grieg, 1932 | 18 3 N. Atlantic 1100-
1853 m.
Mortensen, ? N S. Iceland 2094 m. ..
(armatus Sladen) Sladen, 1889 3 Nova Scotia, New = 2284— | Blue mud.
Jersey, Portugal = 2466 m.
Farran, 1912 30 1 Treland 1744 m. | Ooze.
(semisquamatus var.| Sladen, 1889 1 1 Coast of U.S.A. | 3108 or | Blue mud.
occrdentalrs Sladen) 2266 m.
(fischert Perrier) Perrier, 1894 1 1 Coast of Africa 1056~
1435 m.
spinosisstmus (Sladen) . Sladen, 1889 | 1 1 Ascension 756 m. | Volecanic mud.
stmplex (Perrier) . Perrier, 1881 | 1 1 Gulf of Mexico 2420 m.
foling (Perrier) , 1894 | 10 3 Coast of Africa | 2300 m. .
Southern .| antarcticus (Sladen) Sladen, 1889 2 1 Challenger’s most | 3000 m. | Blue mud.
southern dredging
pedicifer (Sladen). ” ” 2 Crozet Is. 2925 m. | Diatom ooze.
| Aghulhas bank | 3473 m. | Globigerina ooze.
Pacific . acanthonotus Fisher Fisher, 1905 7 2 S. California 1794~ Mud.
1900 m.
mutabilis Fisher . » 1910 8 1 British Columbia = 2876 m. | Globigerina ooze.
claviger Fisher - - 16 4 | Bering Sea to 1794— | Green mud or ooze.
Oregon 1900 m.
pectinifer (Ludwig) Ludwig, 1905 37 3 Galapagos, 1571- | Globigerina ooze,
Gulf of Panama, | 2323 m. brown mu
‘ Gulf of California
cognatus (Ludwig) ’y ’ 1 1 Gulf of Panama | 3035 m. | Sand.
| spwnuliger (Ludwig) .| ’ ’ | 26 4 Galapagos Is., 1618~ | Globigerina ooze.
| | Cocos Is., 2323 m.
| Gulf of Panama
Eastern moluccanus Fisher Fisher, 1913a 9 2 | Molucca Passage 417- | Grey sand and mud
Archi- [ 435 m. |
pelago | polyctenius Fisher » ¥ 12 2 | Celebes 1475 m. ..
styracvus Fisher ) ) 2 1 Macassar Strait = 16456 m. | Grey mud.
semisquamatus subsp. | Doderlein, 1921 9 4 Celebes 1688— | Green and grey muc
celebensis Doderlein 3437 m.
Indian .| huddlestonii (Alcock) Alcock, 1893 Bay of Bengal 2778 m. | Globigerina ooze.
violaceus (Alcock) ’ N Laccadive Sea 2193 m. | Coral and globigerin
. ' ooze.
tndicus (Koehler). Koehler, 1909 | 1 1 S. of Ceylon 834~
; | 1076 m.
Indian to | semisquamatus (Sladen) Sladen, 1889 - ohe| Japan 1875~ | Blue mud, green muc
Pacific 1114 m.
Alcock and 1| Bay of Bengal 3041 m. | Globigerina ooze.
Wood-Mason, |
1891
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Benthopecten heteracanthus sp. n.

OCCURRENCE :

St. 26, Gulf of Aden (African coast), 2312 m., soft grey white mud ; 1 specimen.

Disexosis.—R/r 8-4. Abactinal plates with one to four papilliform spinelets ;
spines occurring only in two rings, one of five around the anus, the other of ten some
7 mm. from the first and on the madreporite. Papule extending to about sixth supero-
marginal plate. Supero-marginals confined to side-wall of disk and ray; armed with
a single robust tapering pointed spine, encircled by three or four spinelets ; five unpaired
interradial supero-marginals, each armed with one very large spine and three accessory
spines. Infero-marginals almost directly below supero-marginals; bearing two spines ;
pedicellarize between infero-marginals almost to tip of ray. Actinal interradial areas
small, with usually four pedicellarie and a few spinelets. Adambulacral plates with seven
to eleven small clavate furrow spines and two larger actinal spines. Mouth plates with
two spines projecting into mouth cavity, four projecting into furrow and three spines
on actinal surface.

DEscriprioN.—R 210 mm., r 25 mm. In the centre of the disk there is a ring of
five spines, each 4 mm. long, slightly tapering and rounded at the tip. Ten similar spines
on the radii and interradii stand at a distance of 7 mm. from this central group and,
except for two spines on the edge of the madreporite, are the only spines found on the
abactinal surface. The remaining plates bear projections which are little more than
papillee, not quite 1 mm. in length. Most plates bear but a single papilla, but two or
three, or even four, occur on some. The madreporite lies on an interradius a little nearer
the edge than the centre of the disk. Papule are present on that portion of the disk
which lies without the outer ring of spines, and extend down the rays in two attenuating
bands as far as the level of the fifth or sixth supero-marginal plate. There are no abactinal
pedicellarize.

The supero-marginal plates number about fifty. They are confined to the side of
the disk and ray and are all longer than high. Each bears a tapering pointed spine, the
longest (on the sixth plate) measuring 13 mm. Near the proximal edge of each plate
there are sometimes one or two minute spinelets, and round the base of the boss on which
the main spine stands there is always a ring of slightly larger spinelets, 1 to 2 mm. long
On the first two or three plates one of these encircling spinelets reaches a length of 5 mm.
and may be ranked as an accessory spine. An unpaired plate is present in cach inter-
radius, and bears one spine, 18 mm. long, and three accessory spines, 5 to 6 mm. long.

The wnfero-marginals encroach very little on to the actinal surface and lie almost
directly beneath the supero-marginals, which they resemble in size. Kach bears two
spines, one below the other, the upper nearly as long as, but finer than, the corresponding
supero-marginal spine, the lower between one-half and two-thirds the size of the upper.
A few minute spinelets may occur at random on the surface of the plate, but there is always
a regular row of five or six along the border adjacent to the adambulacral plates. Fasciolar
pedicellarize occur between adjacent infero-marginals and can be traced almost to the tip
of the ray. Ten infero-marginals correspond to seventeen or eighteen adambulacral plates.

The actinal wntermediate areas are small and the outline of the plates is obscured by
membrane. Two, or in one case three, fasciolar pedicellariee stand on either side of the
mterradial line. A few spinelets are also present.
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The furrow margins of the adambulacral plates are rounded and those near the mouth
bear seven or eight spines, which are slightly clavate and small, the largest measuring
little more than 1 mm. in length. Three subequal spines stand close together and occupy
the centre of the margin, while a fourth, also of much the same size, stands a little apart
distally. On either side of this central group are found one or two smaller spines spaced
at intervals nearly equal to their length. On the outer half of the ray the total number
of spines is eleven. There is a central group of six with two or three smaller spines on
either side, but owing to the increase in numbers these are not so far apart as on the
proximal plates. The actinal surface of the plates supports two, usually equal, tapering
pointed spines, 4 to 5 mm. in length.

The free edge of the mouth plates bears six spines. Two of these project into the mouth
cavity. They are cylindrical and rounded at the tip ; the inner, which is a trifle the
larger, is 4 mm. long. The remaining four spines project into the furrow and are similar
to the furrow spines of the adambulacral plates. The largest is nearest the mouth and
the remainder show a progressive decrease in size. On the actinal surface of the plate
there are three spines similar to the two projecting into the mouth cavity but smaller.
They show a regular decrease in size from the proximal to the distal end of the series.

ArriNiTIES.—The affinities of this species lie within a complex of three, comprising
B. wiolaceus (Alcock), B. styracius Fisher and B. polyctenius Fisher. The species are
compared in the table below :

g kg | v
= G S . . + 3 3 g
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5. | g8l B2 | EE 5 28 | 5% 53 (58| .
@ 2 7] Py a o 8 2 2s L, ! L0
28 | 83 | 8% | 3 g 3% 58 EE |5E| ES
@ 2 < < 3 = = Y= N =
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B. heteracanthus .| Very 1-4 | Present | Absent | 6th SMP. Faralong| 2 | 7-11 | 2 | 17-18
| large | ray :
B. wolaceus . ! Large 2-4 = . 2nd SMP. To 4th 2 7-8 i 2 24
- IMP. .
B. styracius . ‘ Very 1-2 | Absent | Present | 3rd SMP. ' Faralong 2 -8 | 2 | 19-22
| large | ray . .
B. polyctenius ! 4 equal | 5-8 | Present ‘ ” 4th SMP. Ditto 8-12 | 9-14 | 2 20
| :

Thus B. heteracanthus differs from B. violaceus in the greater extent of the papule
and infero-marginal pedicellariee, more numerous furrow spines, less numerous abactinal
spinelets, fewer adambulacral plates to ten infero-marginals, and a larger spine on the
unpaired supero-marginal. It is perhaps closest to B. styracius, from which it differs in
the absence of abactinal pedicellarize, the greater extent of the papule, more numerous
furrow spines and fewer adambulacral plates to ten infero-marginals. As Fisher (1919,
p. 213) points out, the type of B. violaceus is probably but half-grown, and in the adult
condition would be likely to have more numerous pedicellariee, more numerous abactinal
spinelets and more numerous furrow spines. 1In one of his Pacific species, B. acanthonotus,
Fisher (1911, p. 145) records variability in the extent of the papule areas, It is probable,
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therefore, that the four species stand closer than is indicated by a comparison of the
For the moment,

however, there is not enough evidence to regard them as anything but distinct species.

characters of the very meagre number of examples at present known.

Immature Benthopectinide.

St. 107, Zanzibar area, 421—457 m. ; Lwidiaster sp., 1 specimen.
St. 118, . ,» 1789 m. : Pectinaster sp., 1 specimen.
St. 123, . ., 286-366 m.; Luwideaster sp., 1 specimen.

Family GONIASTERID.E.
Sub-family PSEUDARCHASTERINE.
Genus Pseudarchaster Sladen.

The species of this genus are distributed as follows :

Ocean. Species. Reference. ‘(\"ﬁiﬁﬁir . to'f Locality. Depth. Bottom.
©77" | stations.
Atlantic . annectens (Perrier) Perrier, 1894 1 1 N. coast of S. 900 m.
America _
Koehler, 1895 1 1 Coast of France 1410 m. ..
Perrier, 1896 5 1 ’ ’ 1384 m. Sand and pteropods.
Koehler, 1909a 4 4 Azores 1550-  Globigerina ooze;
1900 m. mud and sand ; sand
‘ and rock
hystriz (Perrier) . Perrier, 1894 1 1 | Coast of Morocco 840 m. | Yellow mud.
fallaz (Perrier) . s » 1885 17 4 | Azores 1440- | Grey mud.
| i 2220 m.
Koehler, 19092 | 2 2 - 1165—- = Sandy mud.
1385 m.
Grieg, 1932 2 1 Newfoundland 1100 m. I
necator (Perrier) . Perrier, 1894 1 1 Azores 1275 m. | Grey mud.
Koehler, 1909a 1 1 ’ 1900 m. ' Globigerina ooze.
| Lispidus Verrill Verrill, 1899 1 1 West Indies 1097 m.
- granuliferus Verrill . ) ‘ 1 1 o o ..
i concinnus Verrill ,, 1895,1899 3 American coast 2138-
‘ ! 3203 m.
ordinatus Verrill . » 1899 od 2 Gulf of Mexico 583~
603 m.
| gracilis (Sladen) . Sladen, 1889 - 1 Azores 1800 m. | Volcanic mud.
- aphrodite (Perrier) Perrier, 1894 | Coast of Sahara | 1090 m. -
xquabile (Koehler) Koehler, 1909« 1 ; 1 Azores 1900 m. | Globigerina ooze.
' eminens (Koehler) . ’ ’ 4 S . 1095~ | Sandy mud; mud
| 1940 m. l and sand ; volcanic
I | ‘ sand.
v, 9, 44

po
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' |Number - .
Ocean. Species. Reference. X stafig . Locality. Depth. Bottom.
|
Atlantic marginatum (Koehler) .| Koehler, 1909a 1 1 Azores. 1805 m. | Sandy mud.
—cont.| pareliv (Diiben &

I Koren)| N. Atlantic, Europe to America. Many records, see Fisher, 1911, Goto, 1914.

Pacific .| intermedius Sladen .| N. Pacific, Asia ’ » ’ -
drscus Sladen . .| Sladen, 1889 50 g Patagonia . 267 m. | Blue mud.
patagonicus (Perrier) . Perrier, 1891 1 l 1 i 283 m. -
pusillus Fisher . .| Fisher, 1904, 1911 | 461 20 California 96—694 m.| Various.
Clark, 1913, 1923 48 1 S. California 511 m. od
dissonus Fisher . . Fisher, 1911 | 5 3 Oregon to 1436— | Green mud.
. Bering Sea 1944 m.
pulcher Ludwig . . Ludwig, 1905 | 4 3 Galapagos Is. 702- | Mud, sand, globi-
1618 m. gerina 0oze.
verrille Ludwig . . ' ’ 1 1 Gulf of Panama 998 m. | Blue mud.
| myobrachius Fisher i Fisher, 1906 3 2R Hawaii 779- Sand and rock.
1234 m.
: pretiosus Doderlein .| Déderlein, 1902 .. .. Japan 20-30 m.
Goto, 1914 IS [} i ) 20—
' 480 m.
pectinifer Ludwig .| Ludwig, 1905 1 1 Gulf of Panama | 1865 m. | Green mud.
Clark, 1913 1 1 S. California 1164 m. | -
,» 1920 2 1 Coast of Peru 1864 m. | Dark brown mud.
Déderlein, 1924 2 2  |Eastern Archipelago| 724- | Grey mud.
1018 m.
alascensis Fisher, 1904 Fisher, 1911 9 6 Alaska 122- Rocks and coarse
= parelii alascensis 1915 m. sand, rocks, mud,
Fisher, 1911 green mud.
abnormale (Bell) . .| Benham, R .. | New Zealand | 20-50 m. .
1900, 1909 !
huttoni (Farquhar) .| Farquhar, 1897 .. . ' ' .. .
boardmani Livingstone .| Livingstone, 1934 4 2 Australia 135- | Sand and clay.
162 m.
Eastern oligoporus Fisher .l Fisher, 1913 3 2 Celebes 1992 m. | Green and grey mud.
Archi- spatuliger Mortensen . Mortensen, 1934 E o Hong Kong .. y.
pelago
Indian .| mozaicus (Alcock & | A. & W.-M., 1891 . . Andaman Sea 352— Green mud.
Wood-Mason) 400 m.
[ Koehler, 1909 15 8 ' 584— |
Bay of Bengal, 1794 m.
Gulf of Oman |
S. India
roseus (Alcock) . .| Alcock, 1893 . . Laccadive Sea 13562 m. | Coral mud.
brachyactis Clark | Clark, 1925 20 ac ! Cape of Good Hope| 365- | Green sand.
731 m.
tessellatus Sladen .| Sladen, 1889 . 1 y iy .
[ Clark, 1925 4 .. ’ ’ 155 m. | Green sand.
| Mortensen, 1933 Many ’ ’ 170- ..
| - 320 m.
Pacific to | jordant Fisher . .| Fisher, 1906 2 1 Hawaii 685 m. | Fine white sand.
Indian | . 1913 54 4 ‘ Borneo and 785- | Green and grey mud.
| | Moluccas 1627 m.
; | Koehler, 1909 .. N S. India 814-
| | Arabian Sea 1982 m.
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Pseudarchaster mozaicus Alcock & Wood-Mason. (Pl II, figs. 1 and 10; Text-fig. 2.)

Pseudarchaster mozaicus, Alcock & Wood-Mason, 1891, p. 432 ; Alcock, 1893, p. 85.
Astrogontum mozaicum, Koehler, 1909, p. 50, pl. i, fig. 3.

OCCURRENCE :
St. 108, Zanzibar area, 786 m., grey mud ; 1 specimen.
St. 115, ) ., 640-658 m.; 1 specimen.
St. 122, ’s ., 732 m., grey green mud ;: 2 specimens.

DistriBuTioN.—Andaman Sea, Gulf of Oman. Bay of Bengal : Zanzibar area ; 352
to 1794 m.

DESCRIPTION :
R . . 94 X 80 . 72 . 60 mm.
r . . 27 . 23 . 20 . 17
Rjr . . 3-4 . 3°3 . 36 . 35

The following description i1s taken from the largest spectmen. The body 1s flat.
The arms taper and are pointed at the tip. The abactinal paxille lie in regular radial
and transverse rows. The following table shows the dimensions of the arms and the number
of paxille at the level of successive supero-marginal plates :

SMP. No.
Y 8. 16 24,
Breadth of arm . . 26 . 17 12 . 6 mm.
Breadth of paxillar area . 15 7 4 . 2 .,
Number of paxille . o1 9 7 . 2

The carinal plates are round with a diameter of 1 mm. or a little more. Kach 1s
covered with granules, of which the central are large, hemispherical and well spaced,
while those of a peripheral series are less than half the size, slightly clavate and alternating
with the central series. A few granules are intermediate in size, but appear to belong to
the peripheral series. If this be the correct interpretation, the arrangement is eight to
fourteen central granules and twenty to twenty-five peripheral granules.

The supero-marginals are thirty-four in number. They form a broad border to the
paxillar area and curve round to meet the infero-marginals, the curve becoming more
abrupt towards the outer edge of the plate. The breadth in the interradius is between
two-and-a-half and three times the length. The length increases slightly up to the sixth
or eighth plate while the breadth decreases uniformly to the tip of the ray, though it
remains the greater dimension throughout as is shown in the following table :

Plate No.
1. TR 16.
Breadth 6 55 . 5 . 4 mm.
Length 2 2-5 . 4 . 2

3

The plates are beset with five to eight irregular rows of well-spaced granules which
become larger towards the centre of the plate. At the outer border of each plate four or
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five of the granules are conical, and one or two are elongated and project as conspicuous
blunt conical spinelets about 1 mm. long (Text-fig. 2).

The enfero-marginals correspond to the supero-marginals and like them decrease
regularly in breadth from the interradius to the tip of the ray, while the length shows a
slight increase up to the sixth or eighth plate. There are six or seven rows of pointed
spinelets and each row has larger spinelets than the row outside it. About half-a-dozen
spinelets in each of the two innermost rows are longer than all the rest and reach a length
of 1-5 mm.

‘The actinal intermediate areas reach the sixth or seventh infero-marginal. The
limits of the plates are obscured by membrane, but they are marked by pointed granules,

TexT-F16. 2.—Pseudarchaster mozaicus Alcock & Wood-Mason. (From St. 122.) 8th
supero-marginal plate X 8.

and in the centre of each plate there are one, or occasionally two, spinelets whose length,
2 mm., is four to five times that of the peripheral granules.

On the angular furrow margin of the adambulacral plates there are six to eight tapering
pointed spines, and on the actinal surface there are two rows of five or six spines, which
are usually all shorter than the furrow spines, though sometimes one to three of the inner
row may be of the same length. Proximally there are about eight fasciolar pedicellarize.

Corour.—Paxillar area, vinaceous lilac ; marginal plates and actinal surface, pale
flesh colour.

~ ArriniTIES.—I have been able to compare these specimens with an example of P.
mozaicus from the Indian Museum and I have no hesitation in referring them to this
species, although there are some small details, tabulated below, in which they differ

from 1t and approach P. jordani Fisher, a species typically without supero-marginal
armature :

Grfmulatioy of Number of Number of
Species. carinal paxille. rows of ~ Number of adamb. act
== granules furrow spines. o
Central. Peripheral. on SMPs. Spines.
P. mozaicus . . . 5-7 . 2025 . About 5 . 5 . 8
P.jordans . . . 15-18 . 10-12 . 7-8 . 67 . 1220
P. mozaicus, . 8-14 . 2025 . 58 . 68 . 10-12

Zanzibar specimens
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Pseudarchaster diversigranulatus sp.n. (Text-fig. 3.)
OCCURRENCE :
St. 26, Gulf of Aden, 2312 m., soft grey-white mud ; 2 specimens.
St. 39, Ras el Hadd, Arabia, 1948 m., soft green mud ; 1 specimen.

Draexosis.—Arms tapering, pointed. Paxillar area large ; paxille in regular radial
and transverse series ; large, with round clavate central granules and a peripheral series
of only slightly smaller, flattened, subtruncate granules. Supero-marginal plates narrow ;
with characteristic granules, those along adjacent edges forming a fasciolar apparatus,
those in the centre hemispherical, two to four much enlarged, those near the outer border
conical, one or two enlarged. Infero-marginals corresponding to supero-marginals ;
armed with rows of fine pointed spinelets, those of the middle rows longest. Actinal
intermediate areas large; plates beset with bluntly pointed spinelets of which two or
three in the centre are elongated. Adambulacral plates with furrow series of six or seven
short round-tipped spines on convex margin; remaining margins of plate with about
seven similar smaller spines ; centre occupied by three pointed spines which may be longer
than those of furrow series.

DEscriprioN.—St. 59, R 93 mm., r 25 mm., R/r 3-7; St. 26, R 52 mm., r 16 mm.,
R/r3-3; R 50 mm., r 15 mm., R/r 3-3. 0

The following table shows the breadth of the arm and the paxillar area, and the
number of paxillee at the level of successive supero-marginal plates :

SMP. No.

1. 8 1. 24
Breadth of arm . . 3 . 17 . 13 . 8 mm.
. of paxillar area . 13 . 9 . & . 4
Number of paxille . R . 15 . 9 . 5

The above table and the following description are taken from the largest specimen. The
paxille are arranged in regular radial and transverse rows, and are large, for the diameter
of those in the carinal row is about 2 mm. The top of such a paxilla 1s hemispherical,
and on it there are fourteen to sixteen large round well-spaced clavate granules, while
round the rim runs a series of abont twenty granules which are of almost the same size
as those in the centre but differ in being rather flattened and subtruncate. The paxillze
of the ray are not elongated. Papule extend about two-thirds of the way down the arm.

The supero-marginal plates naumber forty. The breadth of the first plate is a little
over twice the length ; of the next five or six plates each 1s a little broader than the one
before, the next ten or twelve plates are of the same breadth and the remainder decrease
uniformly in breadth to the tip of the ray ; the length increases up to the ninth or tenth
plate and then decreases. Dimensions :

Plate No.
. 4 s 16 2.
Breadth . 45 . 5 . 4 . 4 . 2 mm.
Length . .2 . 25 . 3 . 2 . 1-5 mm.

The edge of each supero-marginal bears a series of small subtruncate granules which
are apposed to those of the neighbouring plates in such a manner as to form a fasciolar
apparatus. The rest of the plate is occupied by about four irregular rows of hemispherical
granules of which two to four are considerably larger and more protuberant than the
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rest. Near the outer border of the plate, just above the infero-marginal, the granules
are pointed and one or two stand out as coarse conical spinelets. These spinelets are
most conspicuous about half-way down the ray (Text-fig. 3).

The ¢nfero-marginal plates correspond exactly with the supero-marginals. The
plates are separated by fasciolar grooves, and the surface is beset with about six rows of
pointed spinelets. Those of the outer row are the shortest, those of the inner row, with
a length of about 1 mm., the longest.

The actinal intermediate areas extend to the eleventh infero-marginal. The boundaries
of the plates are obscured by membrane, but each is apparently armed with twelve to
fifteen short bluntly pointed spinelets. Two or three of these stand in the centre of the
plate and are longer than the rest, which are set round the edge. Of the central spines
one is often a trifle longer than the others and may be 1-5 mm. long. Between the
proximal half-dozen plates of the innermost chevron there is a fasciolar pedicellaria.

Texr-F16. 3.—Pseudarchaster diversigranulatus sp. n. (From St. 59.) 8th supero-marginal
plate X 8.

The adambulacral plates bear six or seven short round-tipped furrow spines, about
1 mm. long, on a regularly convex margin. The furrow series appears to be continued
right round the plate by some seven similar but rather smaller spines. In the centre stand
three pointed spines, some or all of which may be longer than the furrow spines.

REMARKS.—The two smaller forms from St. 26 appear to belong to the same species.
They show the enlarged supero-marginal granules, but those on the outer edge of the
plates are not pointed.

ArriniTiEs.—The largest specimen of P. diwersigranulatus is of almost exactly the
same size as the largest P. mozatous. Comparison reveals a number of small differences.
The upper tables on pp. 357 and 359 show that the shape of the arm is different in the
two species, and that in P. diversigranulatus each radial row of paxille extends
considerably farther down the arm than in P. mozarcus. The paxillee of P. diversigranulatus
are larger, more uniformly granulated and do not become elongated down the rays. Of
the two species P. diversigranulatus has narrower supero-marginal plates* (cf. tables,
pp. 357 and 359), and their granulation is characteristic. ~There are also conspicuous

differences in the armature of the infero-marginal, actinal intermediate and adambulacral
plates of the two species.

* Text-figs. 2 and 3 are not drawn from the same angle. The supero-marginal of P. diversigranulatus

(Text-fig. 3) has been drawn somewhat from the side and so appears to be broader than the corresponding
plate of P. mozaicus (Text-fig. 2).
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Genus Paragonaster Sladen.
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DistriBrTioN.—The records of the occurrence of the various species of this genus

are shown in the following table :

Bottom.

White mud, sandy
mud, globigerina
ooze.

Yellow sand.

Globigerina ooze.

White clay, pumice.

Grey mud.

Blue mud.

Green mud; grey
mud ; sand and mud;
globigerina ooze.

Grey mud ; coral sand.

- Sand and broken shell;

Species. N Number ]
Ocean. (Eynonyni in brackets.) Reference. 2:;‘{:’1};? w4 | Locality. Depth.
Atlantic subtilis (Perrier) . Perrier, 1381, 3 3 Gulf of Mexico, 3530 m.
1884, 1894 Cape Verde Is., 365D m.
Azores 2995 m.
Koehler, 1909« 0 i . 3890
' Cape Verde Is. ' 4261 m.
Grieg, 1932 3 1 Coast of Spaln 4700 m.
(cylindratus Sladen) . Sladen, 1889 1 1 Cape Verde Is. 2382 m.
(elongatum Perrier) Perrier, 1884 3 3 Azores | 2996-
4060 m.
(strictus Perrier) . ,, 1894 3 1 Canary Is. 3655 m.
(formosus Verrill) . Verrill, 1884, 1895 .. 15 Coast of New 2512
England 3690 m.
Fastern ctenvpes Sladen Sladen, 1889 .. 1 Banda Sea | 255 m
Archi- ctenipes var. hypacan- Fisher, 1913, 1919 3¢ 11 Philippines 207-
pelago thus Fisher [ 313 m
Daoderlein, 1924 3 2 Timor Sea L9216
' 310 m.
stenostichus Fisher . Fisher, 1913, 1919 8 2 Philippines | 220-
| 360 m.
Déderlein, 1924 1 1 Kei Island 310 m.
Indian . tenuiradiis Alcock Alcock, 1893 Bay of Bengal 3195 m.

Paragonaster stenostichus Fisher.

mud and sand.
Grey mud.
Globigerina ooze and
pumice.

Paragonaster stenostichus, Fisher, 1913, p. 627 ; 1919, p. 232, pl. 60, fig. 2, pl. 70, fig. 2, pl. 71, fig. 1, pl.

91, figs. 10, 10a ; Déderlein, 1924, p. 50.

OCCURRENCE :

St. 105, Zanzibar area, 238-293 m., green mud ; 1 specimen.

St. 110, . ., 347-384 m., grey-green mud and sand; 1 specimen.
DistriBuTioN.—Philippine Islands, Banda Sea ; Zanzibar.
DEscrIPTION. —
Breadth of arm at level of successive Breadth of paxillar area at level of
R T SMPs., mm. successive SMPs., mm.
%y r, R/r Number
mm. mm. /%t 1 of SMPs. ‘ — |
4th, ~ 8th.  15th. 30th. i 4th. 8th. | 15th. 30th.
1 | ’ - . |
(Ml 92 25 36 38 19 14 = 10 4-5 12 5 1 | 05
. (2) 80 22 3-6 36 18 13 | 9 4-5 ‘ 10 3-H 1 085
“h B
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The breadth of the arm and of the paxillar area in this table is measured across the
distal edge of the supero-marginal plates.

The abactinal paxille are hexagonal, with nineteen to twenty-one polygonal central
granules and twenty to twenty-five smaller truncate peripheral granules. Beyond the
level of the eighth supero-marginal plate the carinals become rectangular, the length
being greater than the breadth. They extend to the tip of the ray, while the first lateral
row of plates reaches about the fifteenth, and the second lateral row of plates about the
tenth supero-marginal.

The supero-marginal plates are broader than long. The breadth decreases uniformly
from the first plate, while the length increases up to the eighth plate and thence decreases,
remaining, however, less than the breadth to the tip of the ray. The surface of each
plate is covered with coarse polygonal granules, which are larger in the centre. The
wfero-marginals correspond with the supero-marginals. They are covered with squamiform
granules from among which spring four to six fine spinelets.

The measurements of the marginal plates are as follows :

Plate No.
Supéro-marginals. Infero-ma.rgi.na.ls.
1. 8. 15. 25. 1. 4. 8. 16. 30.
Larger specimen, length . 2 275 2 1-75 1.7 2 2-5 2-25 1:25 mm.
o o breadth 6:5 55 5 2 8 75 b 3-5 1-26
Smaller specimen, length .2 25 25 16 . 17 2 2 2 1-26 ,,
® 00 breadth 6 5 4 2-5 . 6 56 4 25 1-25 ,,

The actinal intermediate plates bear three rows of four to six papilliform granules and
usually a fine spinelet in the centre.

The furrow margin of the adambulacral plates is angular, with the apex nearer the
proximal end of the first six or seven plates, but coming to lie in the centre of the rest.
There are six to eight furrow spines, and on the actinal surface of the plate about twenty
papilliform granules from among which spring fine acicular spines, two in number on the
first ten plates, a single one on the rest.

ReMaRrKS.—The specimens differ from Fisher’s description of the type in the following
respects : (i) the eighth supero-marginal is the largest, in the type the fifth; (i) the
infero-marginal spinelets number four to six, while in the type there are only two or
three ; (i) fine spines occur on the actinal intermediate plates, and a second fine spine
1s found on the proximal adambulacral plates. These are absent from the type (R 45 mm.),
and also from the slightly larger specimen (R 53 mm.) described by Déderlein.

Both specimens are considerably larger than previously described examples and the
three characters in which they differ may well be due to growth changes. In the remaining
features they agree closely with the description of the type.

Paragonaster ctenipes breviradiatus subsp. n. (Pl II, fig. 6.)-

OCCURRENCE :
St. 105, Zanzibar area, 238-293 m., green mud ; 17 specimens.
St. 106, ’s 5, 183-194m., ’s 46 o9
St. 153, Maldives, 256-293 m., 1 specimen.

Diacnosis.—Close to Paragonaster ctentpes Sladen, but differing in having shorter,
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more tapering arms with fewer marginal plates: more granules on the abactinal and
supero-marginal plates: two rows of fine tapering spinelets on the first few infero-
marginals. fine tapering spinelets on the actinal intermediate plates and a pair of fine
tapering spinelets on the proximal adambulacral plates.

DgescriprioN.—There is very little variation in this collection. and the description is
taken from the thirty-one specimens whose major radius measures between 35 and
53 mm.

The top of the first four to seven carinal plates 1s regularly hexagonal, and bears ten
to fourteen polygonal central granules enclosed by a ring of nineteen to twenty-four
smaller angular granules. The carinal row extends to the tip of the ray, and at the level
of the fourth supero-marginal the shape of the plates changes abruptly from polygonal to
rectangular. The first rectangular plate is broader than long, and distinctly broader
than the plate preceding it ; the remainder are square or a little longer than broad. All
bear granules similar to those on the supero-marginal plates.

The plates of the first lateral row are identical in size and granulation with the carmals,
but there are only six to eight of them, ceasing at the level of the fourth supero-marginal
plate. The plates of the second lateral row are similar but slightly smaller and reach the
third supero-marginal plate. This row bounds an interradial arca where the plates, some
thirty in all, are rather irregular 1 size and shape and closely crowded together. Kach
1s armed with six to twelve peripheral and one to six central granules.

The first supero-marginal plate is about two-and-a-half times as broad as long.  Both
dimensions increase up to the fourth or fifth plate, and thence decrease, the breadth
rather niore rapidly than the length. as is shown in the following table :

Platp No.
1. 4. 8. 16. 24,
Length. . . . L5 2 . 1:75 . 1-25 . 1 mm.
Breadth . . . 35 4-5 . 3 . 225 . 075 mnm.

The surface of the first few plates 1s closely covered with flat, polygonal, rather large
granules arranged in irregular rows ; beyond the fifth plate the granules become relatively
smaller and the distance between them is greater, amounting to a little more than their
radius. There are approximately cight rows of granules on the first plate, ten on the
fifth, and ten to twelve on the eighth.

The nfero-marginal plates correspond to the supero-margmals. The breadth of the
first plate is three times the length ; the length increases up to the third or fourth plate
and thence decreases slowly, while the breadth decreases rather fast. The plates are
covered with squamiform granules, among which, on the first few plates, can be made
out two rows of three fine spinelets. These spinelets become fewer and very hard to
detect on the plates of the ar, but a single one can be made out on six beyond the fiftcenth.

The actinal intermediate plates are arranged in three chevrons, the mnermost con-
taining seven plates reaching the third infero-marginal. Kach plate 1s beset with three
rows of four or five papilliform granules, and nearly every one of those in the first two
chevrons bears in addition a fine tapering pointed spinelet.

The adambulacral plates bear six or seven flattened furrow spines set on an angular
margin. The spine at the apex stands with its edge towards the furrow, while two spines
on the proximal facet and three or four spines on the distal facet present their flat surfaces
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towards the furrow. Three or four elongate granules on the distal and proximal edges of
each plate decrease in size as they recede from the furrow and give the impression of being
a continuation of the furrow series. Three or four granules and two fine, long, tapering
spinelets occupy the centre of the actinal surface of the proximal plates. There is only
one spinelet on those plates which lie beyond the limit of the actinal intermediate areas.

CorLour.—Paxillar area, brownish red; supero-marginal plates, light coral red ;
actinal surface, white.

GrowTH CHANGES.—The largest member of the collection has R 53 mm., the smallest
R 10 mm. Between these extremes the specimens may be conveniently placed in three
groups illustrating the changes which accompany growth.

Number of R, r, | Number of Occurrence of spinelets on IMPs., Act. int.
Lty specimens. mm. ’ mm. R/r SMPs. © i)la.teg, Adamb. plates.
T8 10-12 | 3341 3 8-11 None.
11 25 18-34 6-10 3-3-6 | 14-24  Variable. Ranging from complete ab-
| sence to presence on almost every plate.
I 31 35-53 11-16  3-2-3-8 | 24-30  Variable in number, but some always
present.

ArriNITIES.—The largest specimen is about the same size as Sladen’s type of Para-
gonaster ctenipes which is lodged in the British Museum. I have compared the two side
by side and find the following differences: (i) the subspecies breviradiatus has the arms
shorter and more tapering and there are fewer marginal plates; (ii) the central
granules of the abactinal plates and all the granules of the supero-marginal plates are
more angular, larger, more numerous, and in consequence more closely crowded in breve-
radvatus ; (iii) the distribution of fine spinelets on the actinal surface is more abundant
than in Sladen’s type ; there are two rows instead of one on the first few infero-marginals,
there is one on many actinal intermediate plates—a condition not found in the type—and
there are two on the proximal adambulacral plates, where in the type there is never more
than one; (iv) in the type the spines on the adjacent edges of the adambulacral plates
are long, and arch over the suture between the plates in such a manner as to suggest a
fasciolar pedicellaria. In breviradiatus the arrangement is essentially the same, but the
spines are shorter and the whole structure is, therefore, much less conspicuous.

An interesting form from the Eastern Archipelago is almost the exact counterpart
of P. ctenipes breviradiatus, as far as granulation and spinulation is concerned, but differs
in having the arms longer than those of P. ctenipes. Fisher regards this form as a sub-
species and gives it the name Paragonaster ctenipes hypacanthus. 1 have followed his
example and created a corresponding subspecies for the present collection of specimens.

Sub-family GGONIASTERINAE.
Genus Rosaster Perrier.

In his key to the Gomasteride, Fisher (1911, p. 158) recognizes both Nereidaster and
Rosaster as separate genera. They are united, and the generic diagnosis revised, in his
work on the Philippine Asteroids (1919). Besides the species assigned to the genus in
this latter paper, the distribution table below includes Nymphaster florifer Alcock, which




ASTEROIDEA 365

Fisher (1911) has tentatively assigned to the genus Medzaster, but which I find to be
only slightly different from Rosaster cassidatus n. sp. described below.

. Number Number :
Ocean. Species. Reference. of Locality. Depth. Bottom.
el stations.
Atlantic . alezandr: (Perrier) 3 Perrier, S 3 Gulf of Mexico 153-
1884, 1394 3473 m.
Verrill, 1915 Many West Indies 151-
S473 m.
Eastern nannus Fisher . . Fisher, 1913 T 3 Philippines 61-98 m. Soft green mud, coral
Archi- sand.
pelago Déderlein, 1924 31 1 Molo Strait 54-90 m. -
mammillatus Fisher . Fisher, 1913 1 Philippines 110 m. = Sand, shell, gravel.
mimicus Fisher . ! . . 1 3 " 266~ Dark grey sand.
452 m.
symbolicus (Sladen) ! Sladen, 1889 2 . 50— Green mud.
Torres Strait 209 m
Fisher, 1919 2 2 Philippines 185-  Sand,
328 m.
bipunctus (Sladen) . Sladen, 1889 o ! 1 New Guinea 273 m. | Grey mud.
Indian confinis (Koehler) . Koehler, 1910 1 | 1 Andaman Sea 121 m. ..
confinis subsp. timor- Doderlein, 1924 1 1 Timor Sea 216 m.  Coral sand.
ensts Doderlein
Sflorifer (Alcock) . g Aleock, 1893 .. .. Andaman Sea 236-
456 m.

Rosaster cassvdatus sp. n. (Pl 111, figs. 3 and 6 ; Text-fig. 4.)

OCCURRENCE :
St. 153, Maldives, 256-293 m. ; 57 specimens.
St. 157, s 229 m., coral rock ; 1 specimen.

Disexyosis—R/r 29 to 3-1. Disk thin and flat ; arms fine, tapering, rectangular
in cross-section ; interbrachial arcs widely rounded.  Abactinal plates connected internally
by radiating ossicles ; arranged externally in conspicuous radial *‘ petals” each with
seven rows of plates, and small triangular interradial areas; plates of radial areas with
eight to twelve angular peripheral and one to three spherical central granules; plates of
mterradial areas with six to eight small pointed granules surrounding a single central ;
a minute projection on top of most of the granules of mterrachal plates and on top of
central granules of radial plates. Supero-margimal plates twenty to twenty-five; on
proximal half of arm plates separated by a row of carinals, towards tip of arm a
few plates usually in contact; surface beset with cylindrical granules, increasing in
size and becoming surmounted by minute projection towards outer edge of abactinal
face, becoming pomted towards actinal edge of lateral face. Infero-marginals similar
to supero-marginals, but granulation of actinal face coarser. Actinal intermediate
plates in four rather irregular chevrons, the innermost reaching the fourth infero-
marginal ; plates armed with three or four rows of three or four pointed granules.
Adambulacral plates longer than broad, bearing a furrow series of four to eight (usually
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five or six) fine radiating flattened spines; on the actinal surface one or two rows
of pointed granules, those of the inner row often elongated.

DescripTioNn.—R 30 to 40 mm. The petaloid radial areas of the abactinal surface
were very striking in the living specimens, which were beautifully coloured, and they
are conspicuous in the preserved material owing to the occurrence of six pores about the
base of each component plate. The plates are arranged in seven rows, and all, except
those in the carinal row, which are a little broader than long, are regular hexagons. Kach
has a peripheral series of eight to twelve angular granules and, except for the carinals,
which may have two or even three, a single central granule. The central granules consist

TEXT-FIG. 4.—Rosaster cassidatus sp.n. A, Carinal plate X 125. B, Supero-marginal
plate, abactinal surface X 50.

of a very short stalk and a spherical head, on top of which is a minute projection seen
clearly only in dried specimens (Text-fig. 44).

The carinal plates may reach the terminal plate in an uninterrupted series, or, becoming
smaller and smaller, may disappear, leaving as many as seven supero-marginals in contact
abactinally. More often at the level of about the sixteenth supero-marginal the carinals
cease to touch each other and continue as oval plates, each one completely enclosed by
four supero-marginals. There may be but two or three of these isolated carinals, or they
may persist as far as the last pair of supero-marginal plates. At the level of the sixth
supero-marginal the carinal plates are square, with the granules arranged in three rows
of three, and on the distal half of the ray the plates are longer than broad. Twelve plates
extend to the level of the fourth supero-marginal, and beyond this point two carinals
correspond approximately to one supero-marginal.

The first lateral row of plates usually ceases at the level of the sixth supero-marginal,
but occasionally isolated plates may be detected for some distance farther down the ray.

In the interradial areas the plates are small and square. They lie in five rows parallel
with the radial plates and successive rows contain approximately 9, 7, 4, 3 and 2 plates.
Each is beset with six to eight angular peripheral granules, lying about a single one in
the centre. A minute projection occurs on top of nearly every one of these granules.
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The supero-marginal plates form a broad border to the paxillar area, and together with
the infero-marginals, a straight vertical or slightly concave side to the disk and arms.
The dimensions of plates from a specimen with R 39 mm. are :

Plate No.
. 4 & 1
Height 1-25 1-25 0-75 0-5 mm,.
Length 1-75 2 1-75 1 mmn.
Breadth . 1-75 1-75 1-25 1,

There are six to eight rows of granules on the surface of the plates, very regularly
arranged In some specimens, irregular in others. The granules take the form of small
cylinders with the height and diameter approximately equal. Near the inner border of
the plate they are of about the same size as the granules on the neighbouring abactinal
interradial plates, but towards the outer border of the plate they become larger and are
surmounted by a minute projection (Text-fig. 4B). These armed granules extend about
half-way down the lateral face of the plate and then give way to very sharp fine spinelets,
perhaps 0-25 mm. in length. Two-valved pedicellarize occur on some of the supero-
marginal plates : they do not. as far as can be made out, occur anywhere else.

The anfero-marginal plates correspond to the supero-marginals only in the interradius
and at the tip of the ray. Their granulation is similar, fine spinelets occur on the lateral
face and armed cylindrical granules occur in the neighbourhood of the free border, but on
the actinal surface the granules become coarse and pointed.

The actinal wntermediate plates are irregularly square and well separated from each
other. It 1s possible to make out four chevrons, containing 8 to 10, 5 to 7, 2 to 4, and 1
to 3 plates, as well as one or two odd plates alongside the interradial line. The plates
are armed with coarse pointed fluted granules in three or four rows, each row containing
three or four granules.

The adambulacral plates bear a furrow series of very flattened radiating spines, of
which the most proximal is smaller than the rest, which are subequal. The spines present
their edges to the furrow. and viewed from the furrow they appear straight-sided and
truncate. If the flat surface be examined it is seen that the spines are slightly curved and
sometimes a little swollen at the tip. Usually there are five spines on the first few plates ;
the number increases to six and not infrequently seven in the neighbourhood of the
fifth or sixth plate. Occasionally there are only four spines on the proximal plates; in
one specimen there are eight spines on the distal plates. On the actinal surface of the
plate there are commonly two rows of four granules similar to those of the actinal plates.
One or two of the granules in the inner row are often elongated, and attain a length equal
to a quarter or a third of that of the furrow spines. Many plates, however, bear but a
single row, in which case none of the granules are elongated.

The mouth plates bear eight or nine furrow spines and, parallel with them on the
actinal surface, a row of three to five pointed spines square or triangular in cross-section.
Four to six pointed granules stand near the distal border of the plate.

CorLour.— Petals,” russet vinaceous ; carinals along the arms, coral red ; abactinal
interradial areas, light coral red ; supero-marginals, salmon buff ; actinal surface, white.

VariaTion.—One specimen with four arms was taken.
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Youne Forms.—The characters set forth above are those of fifty-two specimens
with a major radius of between 30 and 40 mm. Six smaller specimens were caught and
the characters in which they differ from the larger are tabulated below.

Number of

R, T R/r. 1iuSmegr plates in Act. ¢ Numbex: @l Condition of carinals.
mm. mim. [0} S. mt chevrons. urrow splnes.
16 . 6 . 26 . 11 . 5,3,1 . 4to5 . Reaching TP. in continuous

series along three arms, in
discontinuous series from
8th SMP. along two.

16 . 6 . 26 . 11 . 6,3,1 . 5to6 . Not reaching TP. In discon-
tinuous series from 4th SMP.

10 4 U 3,2 4 Reaching TP. in discontinuous
13 5 26 . 12 4, 3 4t05 .
series from 3rd SMP.
15 5 3 . 11 4,3 4 t05
13 5 26 . 9 4,3 4to5 . Reaching TP. in continuous series.

ArriNiTIES.—This species may be distinguished at once from R. alexandri (Perrier),
R. nannus Fisher, R. confims (Koehler), R. mimscus Fisher and R. bipunctus (Sladen) by
the line of carinal plates between the supero-marginals. It differs from R. mammillatus
Fisher in lacking any tubercular structure on the supero-marginal plates. R. symbolicus
(Sladen) has more numerous abactinal granules (twenty-two to twenty-five peripheral
and seven to eight central) and more furrow spines (ten).  R. cassidatus is very close to
the starfish named Nymphaster florifer by Alcock, a species which Fisher suggests may
belong to the genus Mediaster.

From Alcock’s description two differences emerge: (i) the supero-marginals of
Sflorifer never meet, and (i1) the furrow spines number seven to eight. In the present
series of specimens it is exceptional for no supero-marginals to meet, though this condition
is occasionally found, and only one specimen out of fifty-eight has as many as eight furrow
spines, the usual number being five or six. Through the kindness of the Indian Museum
I have been able to examine two small specimens of N. florifer from their collection. They
have the following characters :

Number of
R, r, Number plates in Number of o "
mm. mm Rjr. of SMPs. Act. int. furrow spines. Pendiop
chevrons.
22 . 7 . 3 . 15 . 17,4,2 . 6to7 . ReachingTP.in continuous series.
2 . 8 . 3 . 16 . 7,42 . 6to7 . Ditto.

These figures bear out the difference noted in the description, and a third point of
difference is apparent on comparison. The supero-marginal plates are distinctly narrower
in the Indian Museum specimens and are longer than broad almost to the tip of the ray.

The differences between the two species are thus slight, but, while doubt exists as
to the true generic position of florifer, I have deemed it the safer course to create a new
species for the present series of examples. Their position in the genus Rosaster has been
confirmed by an examination of the internal plates.




Ocean. ; Py ef:iea. ) Reference. Number A\“:)I;ber
(Synonyms in brackets.) caught. e T
Atlantic . pedicellaris (Perrier) Perrier, 1884 5% 3
Verrill, 1915 1 1
. bavrdii (Verrill) ,» 1899 o 5
(stellatus Perrier) Perrier, 1396 . 1
Grieg, 1932 5 1
 agassizii Verrill Verrill, 1899
Pacific . c@qualis Stimpson Stimpson, 1857 9
Fisher, 1911 231 60
Bush, 1918 “ Rather
numerous ~’
Ulrey, 1918 39
|
 tenellus Fisher Fisher, 1904
transfuga Ludwig Ludwig, 1905 8 1
brachiatus Goto Goto, 1914 .. 2
Indo- : preestans Livingstone .| Livingstone, 1933
Pacific  sladeni Benham . Benham, 1909 11
»
arcuatus (Sladen) Sladen, 1889 1 1
Goto, 1914 3
‘ Aleock, 1893 1 1
. ornatus Fisher Fisher, 1906 35 9
‘ |
,» 1919 3 2
Déderlein, 1924 1 1
Koehler, 1909 3 1
Sflorifer (Alcock) Alcock, 1893
| capensis H. L. Clark Clark, 1923 4 2
|
| Mortensen, 1933 2 1
capensis var. durban- | ’ ' 1 1
ensis Mortensen \ ‘
|

further revision has been made by Fisher (1911, p. 196).
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Genus Mediaster Stimpson.
The first adequate account of the genus is given by Verrill (1899, p. 178), and a
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The list of species in the following

distribution table is taken from the latter paper, and includes the three species (M. peds-
cellaris, M. agassiziv and M. florifer) whose position in the genus has still to be confirmed,
though it is believed that 3. florifer will ultimately find a resting-place in the genus

Rosaster (see p. 368).

The table also includes 3. sladens Benham (1909),

referred to by Fisher, and three species described since 1911.

Locality.

West Indies

) ”»

Coast of U.S.A.
Newfoundland

West Indies
California
Alaska to
California

Puget Sound

S. California

»

CGulf of Panama
Japan

(ireat Barrier Reef
New Zealand

Japan

»

Andaman Sea
Hawaii

Philippines
New Guinea
Gulf of Oman

‘ Andaman Sea

| Cape of Good Hope

200~
320 m.

217-
324 m.

860—

1313 m.
1267 m.
1100 m.

50 m.
16—~
300 m.

36—
288 m.
816—
932 m.
902 m.
493-

1000 m.

45—
55 m.
630 m.

877~

1023 m.

a species not

Bottom.

Fine black sand ; hard
ground.

Sand and stones.

Various.

Various.

Green mud.

Shell, gravel.

500 m. |

520-

1155 m.

45—
877 m.

1633 m.
898 m. |

236—
456 m.
36—

158 m. |

168 m.
405 m.

Green mud.

3 bRd

» 2
Sand, various.

Green mud and coral.

Coral.

Green mud and sand.
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Medraster ornatus Fisher.

Medziaster ornatus, Fisher, 1906, p. 1046, pl. xvi, figs. 3, 3a, pl. xx, figs. 1 and 2; Koehler, 1909, p. 78
pl. x, fig. 4; Fisher, 1919, p. 256 ; Ddderlein, 1924, p. 52, pl. xiv, figs. 6 and 6a.

OCCURRENCE :

St. 159, Maldives, 914-1463 m. ; 1 specimen.

DistriBution.—Hawaii, Gulf of Oman, Philippines, New Guinea ; Maldives.

Remarks.—The species has been thoroughly described and figured and I have no
hesitation in referring to it a specimen with the following characters : R 40 mm., r 16 mm.,
R/r 2-5; supero-marginals twenty-two; breadth of ray at level of fourth supero-
marginal, 10 mm., eighth supero-marginal, 6 mm., twelfth supero-marginal, 4 mm., and
sixteenth supero-marginal, 2-5 mm. The abactinal plates are arranged in regular radial
series. The carinals are the largest and have about eighteen peripheral and twelve central
granules, the latter in three rows. The actinal intermediate plates lie in regular chevrons,
of which the innermost reaches the ninth infero-marginal. In successive chevrons there
are some 20, 16, 11, 8, 6, 5 and 3 plates. The adambulacral plates have six to eight
furrow spines, and actinally an outer row of five granules and an inner row of five spines,
more robust and shorter than the furrow spines.

The number of furrow spines is evidently liable to some variation, for the type has
eight, Koehler’s examples five, Fisher’s Philippine examples five to seven, and Daoderlein’s
examples eight to eleven. The present specimen resembles the type in this character,
while agreeing with Doderlein’s material in the rather large number of granules on the
abactinal plates.

Mediaster murrays sp. n. (Pl II1, figs. 1, 2 and 4 ; Text-fig. 5.)

OCCURRENCE :
St. 107, Zanzibar area, 421-457 m. ; 5 specimens.
St. 109, ), ,» 640 m., light grey mud ; 43 specimens.
St. 123, ’ » 256-366 m., green mud, sand, rock ; 9 specimens.

Diaenosis.—R/r 2:4 to 2-8. Abactinal surface inflated ; actinal surface flat;
arms tapering somewhat broadly at base, more sharply from a point about midway
down, tip rounded; interbrachial arcs rather flattened. Abactinal plates in regular
radial series ; hexagonal, the carinals broader than long, with twenty to thirty truncate
peripheral granules and six to twelve hemispherical central granules in one, two or three
regular rows. Supero-marginals confined to side wall of disk but encroaching gradually
on to abactinal surface of arms ; with regular rows of granules and one or two pedicellariz.
Infero-marginals alternating with supero-marginals except interradially, granulation
coarser. Actinal intermediate areas small for the genus; plates arranged in about six
chevrons, the innermost reaching the fifth or sixth infero-marginal. Adambulacral plates
with seven to nine delicate radiating flattened furrow spines, and actinally two series, an
inner of three coarse spines and two granules, and an outer of four or five granules.
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DEescripTioN. —R 30 to 47 mm., r 11 to 17 mm. The table below, giving the breadth
of the arm at the level of successive marginal plates, is from a specimen with R 40 mm.
The rest of the description is based on all the specimens.

Plate No.

= A

R 8. 12. 16.
Breadth of arm . . 10 . 6 . 5 . 3:5 mm.

The radial areas of the abactinal surface comprise nine regular rows of hexagonal
plates. The carinals are two to three times as broad as long, while of the plates in the
four rows on either side, the first differ only in being scarcely longer than broad and the
rest show a progressive diminution of size as the interradial areas are approached. Each
plate in the radial area has six papule around it. one opposite each corner. The inter-
radial areas are paved with four-sided, closely crowded plates.

The carinal plates have round the edge twenty to thirty radiating subtruncate granules,
and in the centre six to twelve granules which are well spaced and arranged in regular
rows, of which there is occasionally only one, usually two, and less frequently three. The
interradial plates have eight to ten peripheral granules round a single one in the centre.
Most of the plates of the radial areas, and many of those in the interradial areas as well.
bear a two-valved pedicellaria of rather simple foruu (Text-fig. 54).

The carnals usually reach the terminal plate. The first lateral row persists for a
distance which is very variable and may be different on the two sides of one arm. They
usually disappear in the neighbourhood of the seventeenth supero-marginal but in some
specimens they appear to cease abruptly at the level of the twelfth. In this case the
carinals which, from tlie level of the sixth supero-marginal, show a gradual transition
from a hexagonal to a square shape, suddenly become rectangular, with the breadth quite
three times the length. This effect is almost certainly due to fusion of the carinal and
first lateral plates.

The supero-marginal plates number twenty-one to twenty-four. They are confined
to the side of the disk and base of the ray. but at about the seventh. or in some of tle
larger specimens not till the twelfth plate, they begin to encroach on to the abactinal
surface, and this continues to the tip of the ray, where the last pair may be in contact. The
first plates are higher than long but the length increases somewhat abruptly, and from
the third or fourth plate outwards they are square. Both dimensions decrease equally
till the last eight or ten plates, where the height is again greater than the length. The
plates are beset with small well-spaced hemispherical granules in regular rows, of which
there are six on the first plate and eight or nine on the fifth. Each plate bears one,
occasionally two pedicellaria.

The wnfero-marginal plates usually alternate with the supero-marginals, except inter-
radially. Their granules are coarser and more pointed than those of the supero-marginals.
The plates encroach on to the actinal surface of the disk but are confined to the side walls
of the rays.

The actinal intermediate areas are paved with numerous quadrangular plates arranged
1n about six chevrons, of which the innermost reaches the fifth or sixth infero-marginal. A
typical arrangement is 13, 9, 7, 4, 2, 1 plates in successive chevrons. The plates are
well spaced from one another, and each is surmounted by three or four rows of three or

v, 9. 45
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four pointed or rounded granules (Text-fig. 58). Most of the plates of the inner chevron
and a certain number of the remainder bear pedicellarize.

The pedicellarize of the marginal and actinal plates consist of two long spatulate
jaws sunk in a slight depression. These jaws may lie isolated, but usually two or four
granules are situated on the edge of the pit and slightly overlie it. There is no indication
that these granules are mobile, but the whole complex suggests a multivalvular pedicellaria.

Texr-v16. 5.—Mediaster murrayi sp. n. A, Carinal plate X 125; B, Actinal intermediate
plate x 125; C, Adambulacral plate x 125.

The adambulacral plates (Text-fig. 5¢) bear on a uniformly rounded furrow margin
seven to nine delicate flattened round-tipped radiating spines. On the actinal surface
there is an outer series of four or five granules and an inner series, which is usually made
up of two granules at the edges and three spines in the centre. The middle spine is
flattened, rather pointed, twice as thick and nearly as long as the furrow spines. The
other two may be as long as this middle spine or considerably shorter.

The mouth plates have twelve furrow spines. On the actinal surface there are two

L s




ASTEROIDEA 373

series, one consisting of three granules distally and three coarse spines proximally, parallel
with the furrow, the other consisting of five or six granules, parallel with the suture
between the two plates.

Internal radiating ossicles connecting the abactinal plates and very small super-
ambulacral ossicles are present.

Corour.—The colour was the same all over the body, and in the forty-three specimens
from St. 109 it varied from coral pink to light coral red or coral red.

VARIATION.—A single specimen from St. 109 has six arms. but in the remainder of
its features agrees with the rest of the collection.

For the most part there 1s little variation, and an account of such as does exist is
incorporated in the description. There is, however, one extremely interesting feature,
namely, the tendency for the abactinal plates to fuse. In about ten specimens the
carinals fuse with the first lateral plates at the level of the twelfth supero-marginal plate.
In two specimens from St. 109 the fusion begins at the base of the ray, level with
the fifth supero-marginal. There are never more than two plates fused together, but
while a carinal plate only fuses with a first lateral, the plates in this row may fuse with
each other, as well as with the plates on either side. The most extreme condition is
found in a specimen from St. 123. Here the carinals fuse at the base of the ray with
the laterals on both sides, and great boomerang-shaped plates, which distally become
rectangular, are formed.

This tendency to fuse may lead to a great irregularity in the plates of the ray, and
had a specimen with this feature turned up alone it might well have been made the type
of a new genus.

AFFINITIES.—The species is distinct and, judging from descriptions, not closely
related to any other. Tts salient characters are the broad carinals, supero-marginals
confined to side wall of disk, relatively small actinal intermediate areas and relatively
numerous long furrow spines.

Genus Nymphaster Sladen.

Fisher (1919, p. 263) discusses the synonymy of this genus.
Thirty species have been ascribed by various authors to this genus, but of these six
have been referred to other genera, namely :

Species. Author. New genus. Author of change.
Nymphaster symbolicus | Nererdaster . Verrill, 1899.
N. bupunctus . f Sladen, 1889 { Rosaster . Kisher, 1913.
Dorigona longvimana . Mobius, 1859 . Lconaster . Bell, 1884.
D. pentaphylla . . Alcock, 1893 { ll;(z?;}:zasit;:a K]E(‘)i(;?l{aerf, 11510;.'
D. confinas . . . Koehler, 1910 . Rosaster . ,,  1913.
Nymphaster florifer . . Alcock, 1893 . Mediaster . » 1911,

The distribution of the remaining species is shown in the accompanying table. Many
of the species are now regarded as synonyms. Those in the Atlantic are discussed by
Verrill (1899) and Farran (1913), and those in the Indian Ocean are discussed below.
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Ocean. ( Synon,\ilx):f;e:;‘ackets.) | Reference. Ij;@ﬁ:r | L ':ii . Locality. Depth.’ Bottom.
Atlantic arenata (Perrier) . Perrier, 1884 9 8 Gulf of Mexico 298- Fine sand and mud.
1605 m.
» 1894 54 15 Coast of Morocco 530- | Mud.
1635 m.
Koehler, 1895 10 [T Coast of France 560—
| 1400 m.
) 19092 “ Very N. Atlantic 820- | Hard ground; sandy
' frequent 1440 m. mud ; fine sand. L-
| Farran, 1913 126 12 W. coast of 379- Various. i
| Ireland 1659 m.
Grieg, 1932 3 1 | Coast of Spain 535 m. | Yellow sand.
(protentus Sladen) Sladen, 1889 1 1 | BWof CanaryIs. | 2787 m. | Hard ground.
| Bell, 1889 - 5 ‘ SW of Ireland . ' ..
(subspinosus Perrier) - Perrier, 1884 6 2 | Gulf of Mexico 761~
| 1342 m.
Koehler, 1895 1 1 | Coast of France 400- |
| 500 m. |
(prehensilis Perrier) .|  Perrier, 1884 . o i Coast of Morocco O .
(jacqueti Perrier) ,» 1894 36 8 Coast of Spain 550~ I '
1238 m. l
Koehler, 1895 5 l 2 | Coast of France 960 m. |
ternalis (Perrier) . Perrier, 1884 A i Gulf of Mexico 761 1
1342 m. |
albidus Sladen Sladen, 1889 I dp 1 Oft Cape Verde .. ¥
basilicus Sladen . ) » Iyt 1 Coast of Brazil 2193 m. | Red mud.
Pacific diomedece Ludwig Ludwig, 1905 53 | 4 | Galapagos and 702- | Globigerina ooze and
| ' Cocos Ts. 1812 m. |  sand.
pentagonus H. L. Clark Clark, 1916 1 | 1 | Great Australian 450~ ‘
: Bight 800 m. |
Eastern euryplax Fisher .| Fisher, 1913, 1919 1 1 Mindanao Sea 319 m. | Globigerina ooze.
Archi- dyscritus Fisher N ' o 2 2 Philippine Is. 394- | Green mud ; fine sand
pelago | 402 m. l and broken shells.
mucronatus Fisher " ' o 1 1 Balayan Bay 365 m. | ..
moluccanus Fisher . ' - 20 Mt Molucea Is. 400 m. i Grey mud ; grey mud
| and fine sand.
arthrocnemss Fisher s » N 3 2 Celebes Is. 1050~ | Green mud.
1260 m. |
meseres Fisher ) ' o 2 2 Philippine Is. 700 m. | Fine sand.
habrotatus Fisher ’ v 5 3 » " 612~ | Green mud, coral.
1324 m.
atopus Fisher . S, ’ . 3 T Sulu Sea 2000 m. | Grey mud.
leptodomus Fisher -J B ” - 11 O Luzon 396 m. ' Green mud.
Eastern meebit (Studer) . .| Studer, 1884 | NW coast of 350 m.
Archi- ‘ Australia
pelago Déderlein, 1924 Eastern 450- = Globigerina ooze; grey
to ' Archipelago 462 m. mud.
Indian (ternalis Koehler) Koehler, 1909 4 | 4 Bay of Bengal, 1097-
W. of Ceylon 2504 m.
Arabian Sea
(bellz Koehler) . ’ ’ 1 1 Andaman Is. 456 m. .
(ludwigi Koehler) ’ ) Laccadive Sea 2504 m. Coral mud.
nora Alcock Alcock, 1893 Andaman Sea 882 m. |
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Nymphaster meebii (Studer). (PL IV, figs. 1 to 10; Text-figs. 6, 7 and 8.)

Pentagonaster mabii, Studer, 1884, p. 30.

Nymphaster protentus, Alcock, 1893, p. 95.

Nymphaster basilicus, Aleock, 1893, p. 95.

Dorigona ternalis, Koehler, 1909, p. 54, pl. viii, figs. 5 and 6.

Dorigona ludiigi, Koehler, 1909, p. 61, pl. ix, figs. 5 and 6.

Dorigona belli, Koehler, 1909, p. 538, pl. viii, figs. 2, 3 and 4.

Nymphaster mabii, Doderlein, 1924, p. 55, pl. xiv, figs. 2 and 2a; pl. xv, fig. 1.

JCCURRENCE :
St. 105, Zanzibar area, 238-293 m., green mud : 2 specimens.
St. 108, . ., 786 m., grey mud ; 3 ..
St. 109, . ;s 640 m., |, . 1 specimen.
St. 110, . ., 347-384 m.. grey green mud and sand : 3 specimens.
St. 115, . ., 640-685 m. : 3 .
St. 122, .. .. 732 m., grey green mud ; 43 ys
St. 143, Maldives., 797 m., grey sand ; 9 .
St. 145, Kardiva Channel, 494 m., green mud and sand; 2 .
St. 184, Gulf of Aden, 1270 m., green mud : 6 .

ReyMarks.—This collection of seventy-two specimens contains forms which, if taken
alone. might be referred to six distinct species, viz. N. mabii (Studer), N. ludwigr (Koehler),
N belly (Koehler) and N. alcocks (? nom. nud., see p. 380), and perhaps two new species.
It 1s found, however, that between these forms occur others which are intermediate in
character, and the specific distinctions of previous authors, based on a small number
of specimens, break down. The collection does tend to fall into groups, each group for
the most part coming from a different area. but the characters of the groups overlap, and
it is believed therefore that the present series of specimens, together with the previously
known species in the synonymy list above, belong really to a single variable species. This
view 1s strengthened by a study of the many changes which the names of the previous
species have undergone. The first examples collected in the Indian Ocean were identified
by Alcock as N'. protentus Sladen and N. basilicus Sladen, both forms known only from the
Atlantic. Koehler re-examined the material and decided that Alcock was mistaken.
From among the specimens he described two new species, N. ludwige and N. belli, and
identified others as N. ternalis Perrier, another Atlantic form. Déderlein regards
Koehler's ternalis as identical with the Australian species N. mebii (Studer).

Of the present collection the forty-three specimens taken in the Zanzibar area at
St. 122 (PL IV, figs. 1, 5, 10, cat. no. 98) resemble most closely the type of N. mabiz, and
1t is therefore on the eleven largest members of this collection (r 18 to 25 mm.) that the
diagnosis and description below are based. Twenty-four of the specimens have r 8 to
12 mm. and the characters of these smaller examples are compared with those of the
larger. Finally the characters of four lines of variation found in the collection are compared
with the diagnosis of the typical form, and reasons why these are not regarded as distinct
species are given.

For each specimen variable features such as the number and size of the plates, the
number and character of spines or granules on different plates and the number of pedi-
cellarizz on different areas have been recorded in a manuscript, which, since it is too
cumbrous to print here, has been deposited with the British Museum (Natural History).
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This makes it necessary that each specimen bears a catalogue number, and these numbers
are referred to in the following discussion.

Diaenosis.—R/r 3-8-4-4. Disk with abactinal and actinal interradial areas below
the level of the marginal plates. Rays long tapering, rectangular or rounded abactinally
in cross-section. Abactinal surface with seven columns of plates down each radius; a
number of small irregular closely crowded plates in each interradius; carinal plates
fourteen to eighteen in number, usually hexagonal, slightly broader than long, sometimes
round, square or irregular, the distal two or three often compressed and twice as broad as
long, proximal plates with thirty to fifty round granules ; three rows of smaller hexagonal

TexT-F16. 6.* —Nymphaster mebiv (Studer). A, 3rd carinal plate X 50 (No. 1004 ; St. 184);
B, 2nd carinal plate X 50 (same specimen).

plates, with similar granulation, on each side of carinal row; pedicellariz on a variable
number of abactinal plates. Supero-marginals in contact down arms; plates bounding
disk with sloping abactinal surface, those along arms with abactinal and lateral faces at
right-angles or sometimes joining in a widely rounded curve ; with about twelve rows of
hemispherical granules ; a variable number of plates with pedicellarize. Infero-marginals
similar to supero-marginals. Actinal intermediate plates in four chevrons; plates with
four or five rows of large round or pointed granules ; pedicellarize on some or many plates.
Adambulacral plates with palmate furrow series of compressed spines; first plate with
seven spines, number increasing on subsequent plates till all beyond about the tenth
bear eleven spines; actinal surface with one to three regular or irregular rows of conical
or hemispherical granules, inner row sometimes elongate up to half length of furrow spines ;
on most plates some of the granules arranged to form a two-, three-, or four-jawed
pedicellaria. Mouth plates with ten or eleven furrow spines ; on actinal surface nine to
fifteen granules, of which two or three nearest the inner angle elongated and as long as
furrow spines.

DescriprioN.—R 54-112 mm., r 13-25 mm. On the abactinal surface the inter-
radial areas are sunk below the level of the supero-marginal plates, and are paved with
irregular or square plates closely crowded together. In the radial areas there is a carinal
row of fourteen to eighteen plates, with three rows of lateral plates on either side. The
larger plates near the proximal end of the carinal row have thirty to fifty granules, and
the corresponding plates of the lateral rows sixteen to thirty-four. The granules are
hemispherical, and usually about half the number are set round the edge and half are

. The figure is of plates from one of the specimens from the Gulf of Aden. The granules are fewer
n number than, but otherwise similar to, those of typical specimens from the Zanzibar area.
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wrregularly arranged in the centre, but there is no difference in form between the granules
of the two groups (Text-fig. 64). In shape the carinals are usually hexagonal, a little
broader than long, but they may be round, square or irregular, and at the outer end of
the row two or three are compressed and the breadth is twice the length. The granules
on the latter plates number about thirty, and those in the centre are arranged in two
regular rows (Text-fig. 6B). In most specimens there are only two or three such carinals,
but in others they are more numerous, and in a few examples almost every plate in the
carinal row is of this shape. It is<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>